Kinetics of the displacement of substituents from nitrogenous heterocyclic methohalides by nucleophiles by Benbow, John Aloysius
KINETICS OF THE DISPLACEMENT OF 
SUBSTITUENTS FROM NITROGENOUS HETEROCYCLIC 
METHOHALIDES BY NUCLEOPHILES 
a thesis 
submitted for the 
degree of Doctor of Philosophy 
in the 
Australian National University 
by 
John Aloysius Benbow 
Med ical Chemistry Group 
John Curtin School of Medica l Research 
Australi an National University 
January, 1975 
The work described in this thesis was carried out by the candidate at 
the Australian National University . Where the work of others was 
employed, appropriate references have been . given. 
,/di£,./~ 
l 
ACKNOWLEDGEMENTS 
The author is sincerely grateful to Dr. G. B. Barlin for his 
supervision, patience, and constructive criticisms over the pas t three 
years; to Dr. D. J. Brown, Professor A. A. Albert, Ors. W. L. F. 
Armarego, 0. 0. Perrin, E. Spinner, and other members of the Medical 
Chemistry Group for discussion and advice; to Dr. M. D. Fenn for 
assistance in the interpretation of 1 Hn.m.r. spectra and Mr. S. E. 
, , 
Brown for recording the spectra; to Dr. J. E. Fildes and staff of the 
Australian ational University Analytical Services Unit for microanalyses; 
and to Messrs. D. Maguire, D. T. Light, I. Hawkins, and also Mesdames 
E. Bryant, H. Edmonston, B. McGrath, and D. E. Rae. 
The author also recalls with satisfaction 15 months spent working 
under the supervision of the late Dr. T. J. Batterham in the Department 
of Medical Chemistry. 
The award of a Commonwea lth Post-graduate Research Grant at the 
Australian National University is gratefully acknowledged. 
Finally, the author thanks Mrs. E. A. Howarth for ably typing 
this thesis and his friends and family for their encouragement and 
prayers. 
NOMENCLATURE 
The structure and numbe ring of the hete rocyclic rin g systems 
discussed in this thesis are given below. 
4 5 ~-
5 3 6 3 
6 2 7 2 N 
1 8 1 
Pyridine Quinoline 
5 4 4 
6 3 5 ON 3 
7 2 6 /) 2 
8 1 1 
Isoquinoline Pyrimidine 
4 4 
N 
5 ON 3 5 Q): 6 2 6 N/ 
1 1 
Pyridazine Pyrazine 
. . . 
l l i 
1V 
SUMMARY 
This thesis reports the preparation and kinetics of the reactions 
of halogeno-, methoxy-, methylthio-, methylsulphonyl-, amino-~ methyla~ino-· , 
and dimethylamino- substituted l:!_-methylpyridinium, !i_-methylquinolinium, 
and l:!_-methylisoquinolinium salts with hydroxide ion in water, with 
piperidine (half-neutralised) in water, and with piperidine in alcohol; 
also some preliminary investigations of interesting reactions involving 
methylthiodiazine methiodides with nucleophiles. 
The methosalts were generally prepared by direct methylation of 
the unquaternised heterocycles with methyl iodide in alcohol or without 
additional solvent. Halogen exchange occurred during quaternisation of 
some chloro- and bromo- substituted heterocycles. 
Quaternisation of 4-methylsulphonylpyridine and 2-iodoquinoline 
by methylation increased their reactivities towards hydroxide ion, by 
7.3 x 108 fold at 20° and 3.4 x 107 fold at 114.8°, respectively. 
Quaternisation of 4-chloropyridine to give 4-chloropyridine methotetra-
fluoroborate increased the reactivity to a similar extent towards 
piperidine in methanol (8.5 x 108 times at 20°). 
Salts with the leaving group alpha to the quaternary nitrogen 
were the most reactive toward hydroxide ion: _g_.g__. the second-order rate 
coefficients for 2-, 3-, and 4-methoxypyridine methiodides at 20° were 
-2 -9 -4 -1 -1 2.9 x 10 , 5.0 x 10 , and 7.6 x 10 1 mol s , respectively. 
However, in reactions with piperidine (half-neutralised) in water the 
4-halogenopyridine methosalts were fractionally more reactive than their 
2-isomersat 20°. The order of leaving group mobilities was essentially 
that found for uncharged ring systems but varied somewhat with 
nucleophile, ring system, and location of the substituent relative to 
the quaternary grouping. Benzannelation in the pyridine methosalts, 
enhanced their reactivities towards hydroxide ion and piperidine in 
all cases, affecting most the alpha substituted methosalts. 
The reaction of 2-methylthiopyrimidine methiodide with hydroxide 
10n proceeded in two steps of which the first possibly involved a 
Meisenheimer-type complex. 
The 1 Hn.m.r . and u.v . spectra of the quaternised salts and some 
of their unquaternised analogues are recorded and discussed. 
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CHAPTER 1 
INTRODUCTION 
1 
This thesis is concerned with the preparation, and the effects of 
quaternisation by methylation on the reactivity of substituted nitrogen 
heterocycles towards nucleophilic displacement. Kinetics were determined 
for the reactions of substituted monazine methosalts with hydroxide ion 
and piperidine; and some qualitative reactions of substituted diazine 
methosalts with nucleophiles were examined . 
This introductory chapter begins with a summary of existing data 
on displacement reactions by nucleophiles from uncharged heterocycles, 
and then gives details of relevant work on the reactions of charged 
heterocycles. Finally there follows a section on the mechanism of 
nucleophilic heteroaromatic substitution and sigma-complex formation. 
Studies of nucleophilic aroma tic substitution were given an 
impetus following the classic comprehensive reviews by Bunnett and Zahler 
(1951) and Bunnett (1958). In the field of heteroaromatic chemistry , 
quantitative aspects of nucleophilic substitution were first reviewed by 
Illuminati (1964) and an extensive review of qualitative aspects was 
published soon afterwards by Shepherd and Fedrick (1965). Meisenheimer 
type complexes formed from aromatic and heteroaromatic compounds and 
nucleophiles have been increasingly studied in recent years and this 
work has been reviewed comprehensively by Crampton (1969) and Strauss 
(1970). 
1. 1 Nucleophilic Displacements from Uncharged Heteroaromatics 
In addition to the reviews mentioned above, Ridd (1963) reviewed 
heteroaromatic reactivity 1n relation to the predictions of the simple 
molecular orbital theory and later (1971) gave prominance to kinetic-
mechanistic studies. A book by Miller (1968) contains a chapter on 
nucl eophili c substitution in heteroaromatic chemistry. Current research 
on nucleophilic substitution in aromatic and heteroaromatic compo unds 
has been reviewed annually by Butler (1965-1971) and Barlin (1973-1974). 
1 Activation by aza (-N=), nitro , and N-oxide groups 
Substituents or groups wh ich withdraw electrons from the aromatic 
ring and/or are capable of delocalising charge in the transition state 
increase the reactiv ity of the substrate to nucleo ph ilic substitut i on. 
Such include the aza, nitro , and ii_-oxide groups. 
The "substituent effect" of a doubly-bound ring nitrogen atom 
(-N=) 1n reactions of chloroazines (~.£· lA) with piperidine has been 
shown to increase the reactivity for substituents at the ortho position 
by 3 x 103 - 3 x 106 times, and at the meta and para positions by 
4 - 4 x 102 and~· 107 times respectively (Illuminati , 1964; Miller, 
1968). Similarly for reactions with alkoxide ion, the corresponding 
figures for the ortho and me ta positions were 3 x 103 - 7 x 109 and 
3 x 103 - 1 x 104 ti me s res pe ctively and for the para pos ition wi th 
methoxide 10n it was ca. l~lO times. 
2 
In studies of activation by nitro groups, the nitro:aza activation 
ratio has usually been found to be ca. 10° - 102 (Illuminati, 1964) except 
for substituents at the para position where for reactions with pipe r idine , 
specific interactions such as hydrogen bonding and catalysis some ti mes 
caused the aza compound to be more reactive (Chapman and Rees, 1954). 
Barlin and Young (1971 , 1972) have also reported a reactivity ratio< 1 
for hydroxy-detri methy lammona tion in substituted pyrid ines at the para 
position. 
The ii_-oxide group relative to the aza group in unoxidised nitrogen 
heterocycles activates all positions towards nucleophilic attack, most affect-
ing the meta position (Liveris and Miller, 1958, 1963; Ridd, 1971). 
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For example, the rates of reactions of 2-, 3-, and 4-chloropyridines 
with methoxide ion in methanol at 50° were enhanced approximately 
2 x 104, 1 x 105, and 1 x 103 times respectively on conversion to their 
~-oxides; similarly, with piperidine in methanol at 80°, the enhancement 
was 3 x 103, -, and 7 x 101 times respectively (Coppens, Declerck, 
Gillet, and Nasielski , 1961; Kato, Hayashi, and Anzai, 1967). 
2 Leaving group mobility 
The displace men t of leaving groups (mobility) from heteroaromatics 
has been studied less than in the aromatic series, but there appear to 
be no major differences 1n the patterns of mobili ty of the leaving groups. 
This is not surpr1s1ng, considering the similarity of nitre and aza 
activation and the me chanistic pathways. 
The order of halogen mobility is generally fluoro >> chlo ro ~ 
bromo > iodo, observed in nitrobenzenes (Miller and Wong, 1965 a and b; 
Beckwith, Miller, and Leahy, 1952),and also observed for nucleophilic 
substitution in heteroaromatics (in protic and sometimes in dipolar 
aprotic solvents) (Miller, 1968). Illuminati (1964) tabulated the then 
available data on relative mobilities for chloro, bromo, and iodo 
substituents from heterocycles and observed that, "the three halogens 
are usually displaced at rates varying well within one order of magni -
tude", and the order is usually bromo > chloro > iodo for displacement 
from pyridine and quinol ine derivatives. Recent studies by Brown and 
Waring (1974) on piperidino-dehalogenation of 2-substituted pyrimidines 
have shmvn an order of reactivity fl uoro >> bromo > ch 1 oro > i odo 
(1 4k -1 -1 ) 0 20 0:404, 6.1, 3.3 , and 1.8 l mo le s respectively. 
The greater mo bility of the fluoro substituent has been ascribed 
to the greater hydrogen bonding of the fluoro substituent with solvent 
or reagent in the transition state and/or intermediate complex and to the 
4 
increased electrophilicity at the reacting carbon resulting from 
inductive electron withdrawal by the fluoro substituent. 
Qualitative studies by iller, Knight, and Roe (1950) on the 
5 
acid hydrolysis of 2-halogenoquinolines and by Davies, Haddock, Kirby, 
and Webb (1971) with hydroxide ion in aqueous dimethylsulphoxide and 
mono- and di-halogeno -1, 2, 3-benzothiadiazoles revealed facile fluorine 
replacemen t. Todesco and Vivarelli (1962) reported that the fluoro 
substituent was displaced~- 103 ti mes more readily than the chloro 
substituent for me thoxy-dehalogenation from benzothiazoles. 2-Fluoro-
pyridine was 30 ti me s more reactive than 2-bromopyridine (which was 
slightly more reactive than 2-chloropyridine) towards methoxide ,on 1n 
methanol at 110° (Abramovitch, Helmer, and Liveris, 1968);and the fluoro 
substituent was displaced 14 times faster than chloro from 4-halogeno-2-
methoxyquinoline (18) by piperidine (neat) at 86.5° (Giardi, Illuminati, 
and Sleite r , 1968). An extensive study by Bressan, Giardi, Illuminati , 
Linda, and Sleiter (1971) on fluoro versus chloro substituent mobility, 
revealed relatively low kF:kCl values (2 to 25) for piperidino-dehalogen-
ation in pyridines and quinolines,and a significant positional effect on 
kF:kCl values (increased by approximately 5 fold) for methoxy-dehalogen-
ation at the 4-position as compared with displacement at the 2- position. 
Other studies by Arantz and Brown (1971) for the aminolysis of 
chloro-, bromo-, and iodo-pyrimidines with isopentyl- and 1,4-di me thyl-
pentyl-amines at 70°, revealed that the bromo compounds were generally 
more reactive, and that tl1e reactivities varied by less than three fold. 
Johnson (1966) found bromo > chloro for piperidino-dehalogenation and 
the reverse order for ethoxy-dehalogenation in 4-halogenopyridine _-oxides 
at 20°. 
Zoltewicz and Sale (1971) examined the hydrolysis of halogeno-
pyridines at 250-350° with 4 -aqueous potassium hydroxide and proposed 
6 
a 3,4-pyridyne intermedia te (~._g_. lC) to explain the rearranged products; 
and van der Lans and den Hertog (1973) have further examined the 
reactions of 2-halogenopyridines with strong bases. Hydrolysis of 
chloropyrazines with sodium hydroxide in aqueous ethanol has been studied 
by Cheeseman and Godwin (1971). 
A methoxy substituent has been found to be much less readily 
displaced from heterocycles by nucleophiles than a chloro substituent, 
but was more readily displaced than a methylthio group. Brown and 
Foster (1966) in a study of the butylaminolysis of alkoxy- and alkylthio-
pyrimidines at 130° have found that 2-methoxypyrimidine was 3.8 times 
more reactive than 2-methylthiopyrimidine and 4 x 104 times less reactive 
th an 2-chloropyrimidine. Methoxy substituents have been observed to 
undergo S 2 displacements at the aromatic carbon (Daniels, Grady, and 
n 
Bauer, 1965) and S 2 displacement at the oxygen atom (i.e. ether cleav-n --
age)(Zoltewicz and Sale , 1970; Heindel and Fine, 1970). 
Barlin and Brown (1967a; 1967b; 1968) in extensive studies of the 
replacement of methylsulphonyl (Meso2-),methylsulphinyl (MeSO-), and 
methylthio (MeS-) groups from mono - and di-aza heterocyclic systems by 
methoxide ion,h ave reported that the methylthio heterocycles were much less 
reactive (between 5 x 103 and 3.7 x 105 fo ld) than the methylsulphonyl 
analogues at 30° (wh ich had reactivities comparable with the methyl -
sulphinyl comp ounds) . Also, the methylthi o compounds were found to be from 
1.2 x 102 to 3.4 x 103 times less reactive than their chloro-analogues . 
Bretschneider and Klotzer (1956) found in the s-triazine series that the 
methoxy substituent was more readily replaced by nucleophiles than the 
methylthio substituent; but there were exceptions to this observation 1n 
some 4,6-disubstituted pyrimidines (Taft and Shepherd, 1962). 
Alkylsulphonyl groups are among the most labile leaving groups 
and their ease of replaceme nt (as with the nitro group) has been ascribed 
to electron withdrawal through resonance,as well as by induction 
7 
(Heppolette and 1iller, 1956; Daly, Kruger, and Miller, 1958). In 
addition to the quantitative work of Barlin and Brown described above, 
some qualitative studies from the literature on the replacement of 
alkylsulphonyl groups are as follows: In 6-me thoxypyri midines, Shepherd, 
Taft, and Krazinski (1961) found that the 4-methylsulphonyl group was dis-
placed by sulphonilamide anion more readily than was 4-chloro or 
trimethylammo nio groups. The displacement of the 2-ethylsulphonyl group 
from pyrimidines by amines, alkoxides, and hydroxide ion was discussed 
by Brown (1962), and qualitative studies of the reactions of 2-methyl-
sulphonylquinoline and 1-methylsulphonylisoquinoline with nucleophiles 
(~._g_. Grignard reagents) have been made (Hayashi and Saito, 1969; 
Hayashi and Tamura, 1970) . 
The replacement of the nitro group 1n heterocycles has been 
scantily studied, although its reactivity 1s high and rivals the halogeno 
substituent. Qualitative studies of reactivity (Illuminati, 1964) place 
nitro compounds above their chloro-analogues,but 4-nitropyridine (as 
does 4-halogenopyridine) self quaternises (den Hertog, Broekman, and 
Cambi , 1951). Talik (1961, 1962) reported that the nitro group was replaced 
more readily than the halogeno substituent from 2-halogeno-4-nitro-
pyridines and their i:i_-oxides with hydroxide ion, alkoxide ion, and 
ammonia. Kinetics of hydroxy-denitration from substituted nitro-1, 2, 
4-triazoles have been reported (Pevzner, Samarenko , and Bagal, 1972). 
Johnson (1966) determined the kinetics for the displacement of nitro, 
chloro, and bromo substituents from 2- and 4-substituted pyridine 
!i-oxides by ethoxide ion and by piperidine in ethanol, and these are 
contained in Table 1.1. In all cases the nitro group was displaced more 
readily than the halogeno substituent at 20°, except in its reaction with 
piperidine and with the substituent (leaving group) in the 4-position of 
the pyridine -oxide. 
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TABLE 1.1 
Reaction rates (x 104) for the reactions of substituted 
pyridine N-oxides at 20° in 1 -1 -1 rnol s 
Substituent 
2-Br 4-Cl 4-Br 
Nucleophile 
Ethoxide ion 
Piperidine 
2.2 
0.071 
6900 
54 
39 0.75 
0.014 
0.60 
0.019 
660 
0.032 
Cyano and trimethylammonio substituted heterocycles (O'Leary and 
Stach, 1972; and Barlin and Young, 197l;respectively) have high reactiv-
ities towards nucleophiles, often exceeding that of the chloro-analogues. 
Amino and substituted amino groups are poor leaving groups which are 
displaced by hydroxide ion in acid solution less readily than are chloro, 
alkoxy, phenoxy, or alkylthio substituents (Clinton and Suter, 1948; 
Keneford, Morley, Simpson, and Wright , 1950). Luthy, Bergstrom, and 
Mosher (1949) have observed, in reactions with amine anions and in acid 
catalysed aminations, the reactivity order dimethylamino > methylamino 
> amino; and Kalatzis (1969) in a kinetic study of the hydrolytic de-
amination of N-heteroaromatic amines in 5.0M-potassium hydroxide at 80° 
found the aminopyrimidine to be more reactive than the methylamino-
analogue . Rates of hydrolysis of 2-amino-, methylamino-, and di methyl-
amino-pyrimidines with potassium hydroxide in water (and in 2-ethoxy-
ethanol) have been reported (Munoz, 1969). 
3 Positional effects 
The relative reactivities of substituents at various positions 
1n heterocycles are subject to the structure of the substrate, reagent 
type, and solvent,as well as the displaced group or atom (Illuminati, 
1964). In pyridines and quinolines where activation was by a doubly-
bound ring nitrogen atom (aza activation), the positional rate orders 
were usually 4- > 2- >> 3- and 2- > 4- >> 3- respectively. Relevant 
work in the pyridines by Coppens, Oeclerck, Gillet, and Nasielski (1963) 
(piperidino-dechlorination in methano l at 90°), Chan and Miller (1967) 
(p-nitrophenoxy-declorination in methanol at 50°) , Chapman and Russell-
Hil l (1956) (ethoxy-dechlorination in ethanol at 20°), and Barlin and 
Brown (1968) (methoxy-demethylsulphonylation in methanol at 110°), 
revealed that substituents at the 4-position were 9-40 times more 
reactive than those at the 2-position , and 81,000 t imes more reactive 
t han at the 3-position . In the quinoline series , Illuminati and Mari'no 
(1 963a , b) , Illuminati , Marin o, and Sleiter (1967b) , Genel , Illuminati, 
and Marino (1967), and Giardi , et tl· (1968) (piperidino-dechlorination 
at 86 .5°); Chapman and Russe l l-Hill (1956); and Barlin and Brown (1968); 
reported the 2-posit i on ~- 0.9 80 times more reactive than the 4-
position . Insertion of a second aza function as in the pyrimidines, 
gave simi l ar but variable orders of reactivity for substituents at the 
2- and 4-positions (Brown and Foster, 1966 ; Arantz and Brown , 1971; 
Kalatzis, 1969; Mamaev, Zagulyaeva, and Krivopalov, 1971; Brown and 
Waring, 1974; Barlin and Young, 1971; Kazimierczuk, Lipski, and Shugar, 
1972) . 
In heterocyclic _ii-oxides, \.'h ere activation v1as by the -oxide 
grouping, the posi t ional rate order of 4- ~ 2- >> 3-position was very 
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much dependent upon nucleophile, leaving group and solvent. The relative 
rates of reactivity of 2-, 3- , and 4-chloropyridine i:i_-oxides with 
methoxide ion in methanol calculated at 100°, were 4.43 x 10-2:1 .97 x 10-4: 
5.27 x 10-2 (Liveris and Miller, 1963); and with M-piperidine in methanol 
t 800 - 4 - 7 -4 ( ) a were 3. 70 x 10 :1.04 x 10 :1.02 x 10 Coppens, et tl-, 1961; 
respectively . The reactivity sequence observed with piperidine as 
nucleophile was discussed in terms of competing inductive and 'built in' 
10 
solvation effects. Results for nitro and bromo substituents replacement 
are listed in Table 1.1 and revealed that changing the nucleophile from 
alkoxide ion to piperidine increased the reactivity ratio of the 2-:4-
position ,n the former, but had no effect on the latter replacement . 
4 Annelation effects 
Annelation by a benzene ring expands the area available for 
delocalisation of charge through extra resonance structures inco rporating 
the fused ring and generally increase reactivity. The enhancement of 
reactivity favours the 2-position more than the 4-position for 5,6-
annelation in 2- and 4-chloropyridine (Illuminati, 1964). Thus, Chapman 
and Russell-Hill (1956);and Brower, Way, Samuels, and Amstutz (1954); 
found that the reactivity of 2- and 4-chloropyridine towards ethoxide 
ion was increased in the quinolines by 290 and 7.5 times at 20 °; and 
towards piperidine in ethanol by 73 times at 75.2° and 3.7 times at 125°; 
respectively. 5,6-Annelation of pyrid-2-yltrimethylamrnonium halide to 
give quinol-2-yltrimethylammoniumchloride (10) increased its reactivity 
towards hydroxide ion by 1100 times at 20° (Barlin and Young, 1971 
c, d); however, the low reactivity ratio (j_.~. 0.5 and 27) observed on 
annelation of pyrimidin-2- and pyrimidin-4-yltrimethylammonium iodides 
to give the 2- and 4-substituted quinazolines respectively,was thought 
to be due to decreased reactivity by bond-fixation in quinazolin-2-
yltrimethylammonium chloride and the occurrence ( 1 Hn.m.r. evidence) of 
covalent hydration in quinazolin-4-yltrimethylammonium chloride. 
Barlin and Brown (1967, 1968) have reported for all cas es studied, 
increased reactivities varying from 3.5 on 5,6-annelation of 4-methyl-
sulphonylpyridazine to 3240 for 5,6-annelation of 2-methylsul phinyl-
pyridine and that annelation had a greater activating effect on the 2-
substituted pyridines than on their 4-isomers . Grube and Suhr (1969) 
and Suhr and Grube (1966~ in a study on the reactivity of a series of 
amines towards halogenonitrobenzenes and chloroheteroaromatics, have 
found that 5,6-annel.ation to 2-chloropyridine increased the rate of 
piperidinolysis ~- 100 times at 75°. Chapman and Russell-Hill (1956), 
attributed the reduced reactivity of 3-chloroisoquinoline compared to 
1-chloroisoquinoline and 2- and 4-chloroquinoline to bond-fixation 1n 
the intermediate complex (lE) from the former. The rate of piperidin-
olysis of 4-chloroqu inoline-1-oxide 1n 70% ethanol (Okamoto, Hayatsu, 
and Baba, 1960),was slightly faster than that of 4-chloropyridine-1-
oxide in methanol (Coppens, et il·, 1961) by~- 4 times at 80°. 
5 Nucleophile effects 
11 
The relative reactivity of nucleophiles in heteroaromatic (and 
carboaromatic) substitution reactions depends upon many factors. These 
include the nature of the nucleophile, the structure of the substrate, 
the leaving group, and the solvent. 
The varied reactivity of some nucleophiles (used in this thesis) 
towards differing substrates 1s illustrated in Table 1.2, where some 
data from the literatu re has been compiled. Ethoxide ion in ethanol 
was usually a better nucleophile that was piperidine in ethanol towards 
uncharged heterocycles; however with 6-chloro-9-methylpurine at ca. 20° 
the reverse was found to be the case. Hydroxide ion in water was a 
consistently less reactive nucleophilic system than ethoxide ion 1n 
ethanol at 20° towards two different substrates. Such behaviour has 
been discussed by Shepherd and Fedrick (1965), Chapman, Chaudhury, and 
Shorter (1962), and Parker (1967) in terms of specific factors associated 
with nucleophile-substrate interaction such as; lone pair repulsions, 
hydrogen bonding between the nucleophile (e.g. amine) and the azine 
nitrogen, the leaving group or substituent, steric effects, and salvation. 
TABLE 1. 2 
Comparisons of the reactivity of nucleophiles with various substrates 
Compound Nucleophile 
2-Chloropyridine ethoxide ion/ethanol 
piperidine/ethanol 
2-Chloroquinoline ethoxide ion/ethanol 
piperidine/ethanol 
2-Chloropyrimidine hydroxide ion/ water 
ethoxide ion/ethanol 
II piperidine/ethanol 
morpholine/ethanol 
6-Chloro-9-methylpurine hydroxide ion/water 
II 
" ethoxide ion/ethanol 
piperidine/ethanol 
8-Chloro-9-methylpurine ethoxide ion/ethanol 
piperidine/ethanol 
a 
Rate coefficient-
2.2 X 10-9 at 20° 
4.8 X 10-lO at 20° 
6.3 X 10-7 at 20° 
1. 5 X 10-7 at 20° 
7.9 X 10-5 at 20° 
1. 6 X 10-3 at 20° 
2.4 X 10-3 at 49.9 ° 
1. 5 X 10-4 at 30 ° 
7.4 X 10-5 at 20 ° 
4.6 X 10-3 at 20° 
1. l X 10-2 at 24.5 ° 
2.3 X 10- 1 at 20 ° 
4.2 X 10-3 at 22.8° 
Rate coefficients are given to two significant figures for consistency. 
Reference 
Chapman and Russell-Hill 
II 
" 
Barlin and Young (1971) 
Chapman and Russell-Hill 
Brower, et tl-, (1954) 
Chapman and Rees (1954) 
Barlin (1967) 
Barlin and Chapman (1965) 
Barlin (1967) 
12 
(1956) 
(1956) 
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However catalysis by acids (Banks, 1944; Ross, 1963) and by bases (~._g_. 
amines) which assist in stabilizing the transition state (Bitter and 
Zollinger, 1961) are complications which enhance reactivity but do not 
necessarily relate to the nucleophile . Nucleophilicity often approxi-
mately correlates some intrinsic property of the nucleophile (~·R· 
structure, size, polarizability, basicity, hardness and softness), within 
a family of nucleophilic reagents such as the amines (Grube and Suhr, 
1969; Suhr and Grube, 1966). 
Murto, Nummela, Hyvonen, and Murto , (1972) in a study on the 
kinetics of 2-fluoro-3 (and -5)-nitropyridines with hydroxide and 
alkoxide ions in their respective hydrolytic solvents and in aqueous 
a 1 coho 1 s , found that a 1 kox i de ion in al coho 1 as a stronger nuc 1 eoph i 1 e than 
hydroxide ion in water , but that they were co parable in their nucleophilicitie s 
in weakly a1coholic water at 25° (Table 1.3). Changes of 105 in the 
relative nucleophilic tendencies for Sn2 reactions with solvent changes, 
for example from methanol to dimethylformamide,emphasise that salvation 
of the nucleophile is a major factor in determining nucleophilic 
tendencies (Coniglio, Giles, McDonald, and Parker, 1966; Parker, 1967). 
6 Solvent effects 
The effects of protic (~._g_. water, alcohols) and dipolar aprotic 
(~._g_. dimethylsulphoxide, acetone) solvents on the rates of bi molecular 
reactions have been authoritatively discussed in reviews by Parker 
(1965, 1967, 1969) and in an earlier paper by Miller and Parker (1961). 
Parker (1967) emphasised the significance of charge development or 
dispersion in the transition state,to explain the apparent enhancement 
of reactivity of reactions between uncharged polar molecules,or the 
insensitivity of reactions between anionic nucleophiles and uncharged 
substrates towards changes in polarity of solvents. 
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TABLE 1.3 
Comparison of the rate coefficients (l mol-l s~ 1) 
of two activated pyridines with several nucleophilic 
systems (Murto, et~-, 1972) 
2-Fluoro-3-nitropyridine 2-Fluoro -5-nitropyridine 
OH OMe OEt OH OMe OEt 
Solvent 
Water 0.0382 0.0214 
Methanol 0.680 1.98 
Ethanol 1.10 5.52 
1.65 wt% methanol a a 
- -
in water 0.0416 0.0392 0.0228 0.0426 
5.63 wt% ethanol b 
in water 0.0437 0.0184 0.0245 0.0296 
a 1.47 wt% methanol 1n water. b 6.52 wt% ethanol 1n water . 
Illuminati, et _tl. (1967b) and Okamoto, et~- (1960) investigated 
solvent effects on piperidino-d ehalogenation in simple quinolines and 
their N-oxides, and some of their results are reproduced in Table 1.4. 
At the 4-position of quinoline, piperidinolysis proceeds at a faster 
rate in hydrolytic solvents than in the dipolar aprotic solvents 
(dimethylsulphoxide being the exception) . Okamoto, et _tl. (1960) found 
that as the solvent became more polar , the energy of activation increased 
b 
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slightly, the entropy increased to a greater extent to offset the 
increase in the energy of activation and this was in agreement with the 
enhanced rate of piperidinolysis in the more polar solvents (Table 1.4). 
Illuminati, et tl- (1967b)attributed the greater solvent effects at the 
4-position of quinoline compared to its 2-isomer, to "built-in" salvation 
at the 2-position in the transition state (lF) (i.e. the close proximity 
of opposed-charge polarities). 
TABLE 1.4 
Comparison of the rates of reactions with piperidine 
in different solvents 
Compound Solvent 
4-Chloroquinoline methanol 
a 
II 95% ethanol 
a 
II 70% ethano 1 
II piperidine 
II toluene 
d 
-II DMSO 
d 
-2-Chloroquinoline DMSO 
II piperidine 
II methanol 
Rate coefficient 
(1 mol- l s- 1) 
4.4 X 10-5 at 99.5° 
2.1 X 10-5 at 100° 
3.9 X 10-5 at 100° 
1.6 X 10-6 at 99.5° 
5.2 X 10-8 at 86.5° 
8.8 X 10-5 at 86.5° 
2.2 X 10-4 at 86.5° 
3.1 X 10-5 at 86.5° 
2.4 X 10-5 at 86 .5 ° 
~ Aqueous ethanol. b Illuminati, et tl-, 1967b. 
_tl., 1960. i Dimethylsulphoxide. 
Reference 
b 
C 
-
C 
-
b 
b 
b 
b 
b 
b 
c Okamoto, et 
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The halogen mobility ratios (fluoro:chloro) for piperidino-
dehalogenation of 2-halogenoquinoline 5 were subject to small variations 
from solvent and temperature changes,and this was attributed to specific 
solvation effects (H-bonding) [ Breesan , et tl· (1971~. Bishop, Cavell, 
and Chapman (1952); Chapman,~ .9..l_. (1962); and Murto, ~~- (1972; 
Table 1.~ worked with alcoholic solvents and found that although 
methanol and ethanol differ appreciably in their polarity and acidity, 
the rates of SnAr2 displacements did not,because the effect of stronger 
hydro ge n-bonds in methanol was counterbalanced by its higher polarity. 
Also, alcoholysis was increasing at a faster rate than hydrolysis with an 
increasing alcohol content of the alcohol-water mixtures. 
Shein , Mamaev, Zagulyaeva , and Shvets (1973) and Mamaev, 
Zagulyaeva , Shein , Shvets , and Krivopalov (1969) discussed rate s for the 
substitution reactions of halogenopyrimidines by piperidine in numerous 
solvents and comp ared the effects of polarity and specific salvation for 
each solvent system. Reichardt (1965) concluded that a solvent's 
property (~. _g_. polarity) is best described in empirical relationships 
rather than in a single physical constant (.§._. _g_. dielectric constan t). 
Solvent effects are still not comp letely understood. 
1. 2 Nucleophilic Displacement from Charged Heteroaromatics 
Quantitative data on nucleophilic substitution in quaternised 
heteroaromatics prior to the commencement of the present work was slight . 
Liveris and 1iller (1958; 1963) measured the reactivi ties of 2-, 3-, and 
4-chloropyridine methosalts (.§._._g_. lG) with sodi um-p -ni trophenoxide in 
methanol and estimated those for methoxide ion in methanol . The rate 
enhancement for reactions with me thoxide ion at 50° compared with the 
uncharged chloropyridines was greatest at the alpha position (4.64 x 10 12 
times) and much less at the beta and gamma positions (2.87 x 108 and 
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5.70 x 109 times respectively). Patton (1961) reported on the base 
hydrolysis of the three isomeric cyanopyridinium metho~alts and observed 
a similar order of positional reactivity, j_.~. 2- > 4- > 3-; and found that 
the differences were associated with large changes in the frequency 
factor opposed by smaller changes 1n E. These positional reactivities 
varied ~vithin 184 times at 25.2°. Alkaline hydrolysis of Ji-methyl-4-
substituted pyridinium salts in water was reported by O'Leary and Stach 
(1972) after the commencement of the present work. They observed the 
usual order of reactivity for halogeno and methoxy substituents and 
found that the relative reactivities of fluoro:chloro:bromo:iodo:methoxy 
substituents were 1.74: 0.00596:0.00481:0.00200:0.000759 at 20°. A plot 
of rate coefficients for th e above reactions at 30°, versus the rate 
coefficients for the reactions of I-substituted 2,4-dinitrobenzenes with 
methoxide ion in methanol at 25°, gave a straight line, which they inter-
preted as further evidence that similar me chanisms operated in both 
systems. 
Relevant qualitative data on hydrolysis 1n charged heterocycles 
prior to 1965, have been given 1n the review by Shepherd and _Fedrick (1965) 
where several studies of acid catalysis are reported. More recent studies 
of hydrolysis in quaternised N-heteroaromatics, includes that of Begtrup 
(1971a)on 4-methylthio-1,3-disubstituted triazolium salts;which followed 
earlier work with methoxide ion in the same ring system (Begtrup, 1971b); 
and a series of papers on the me chanism of hydrolysis (j_.~. cleavage of 
heteroaromati c ethers) 1 n al koxy substituted substrates. Dani els, et ~-
( 1965) h d th h 1 f 2 th .. d. 018 . s owe at t e c eavage o -me oxypyr1m1 1ne- 1n an aqueous 
acid medium (_i_.~. via the cation) proceeds predominantly via an aromatic 
nucleophi lic substitution with a minor contribution from attack by water 
at the aliphatic carbon of the ether linkage. Heindel and Fine (1970) 
noted similar findings with the quinolines. Severin, Batz, and Lerche 
(1970) found that 2-chloro-1-ethyl-3 (and -5)-nitropyridinium salts with 
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methoxide ion gave the 1-ethyl-2-methoxy-3 (and -5)-nitropyridinium ion, 
but this,with a variety of nucleophiles,underv!ent ether cleavage. 
Pseudo-base formation (Beke, 1963) fro m quaternised he~erocycles 
and hydroxide ion has been studied widely (Aston and Las selle, 1934); 
and kinetics of formation and equilibrium constants have been reported 
1n some cases (Bunting and Meathrel, 1972, 1973; Abramovitch and Saha, 
1966). This work may have some bearing on the discussion in subsequent 
chapters. 
The reactions of quaternised nitrogen heterocycles with reactive 
nucleophiles such as cyanide ion,have given addition adducts (sigma-
complexes) (§__ • .9_. lH); and the kinetics and equilibria of their formalion 
have received considerable attention . Lyle and Gauthier (1965) and Lind-
quist and Cordes (1968) reported on the addition of cyanide ion to 3-
substituted-_fi-alkylated (or arylated) pyridini tim salts usually at the 4-
position. Foster and Fyfe (1969) presented unamb iguous evidence for the 
addition of cyanide ion to C-6 and C-4 in 5-bromo-3-ethoxycarbonyl-.fi-
methylpyridinium iodide. Severin, Lerche, and Batz (1969) observed that 
.fi-methyl-3-nitropyridinium iodide adds nucleophiles (e._g_. active methylene 
compounds and piperidine), at C-4 adjacent to the nitro group. Ohsawa, 
Hirobe and Okamoto (1972) observed addition and/or substitution reactions 
at either the 2- or 4-positions of _fi-aminopyrimidine derivatives with 
cyanide ion . Lyle and Kane (1973 ) reported an interesting mild oxida tion 
of iodo-pyridines and -quinolines in dimethylsulphoxide, to the corres-
ponding pyridone and quinolone, through the adduct formed from 
nucleophilic attack by one of the oxygen atoms in dimethylsulphoxide on 
the iodo substituted carbon of the substrate. Extensive studies on the 
addition reactions between _fi-substituted (usually cyano or alkoxy) 
pyridinium, quinolinium,and isoquinolinium salts and nucleophiles (§__._g_. 
hydroxide, alkoxide, and cyanide ion~ (Cooksey and Johnson, 1968, and 
references therein; Katritzky and Lunt, 1969),do not exclude the 
possibility of similar additions occurring at unsubstituted positions 
of the less electron-deficient .fi-methyl-pyridinium, -quinolin ium,and 
-isoquinolinium salts studied in this thesis. 
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A comparative system to the pyridinium cation is the pyrylium 
cation (11). The similarity between the pyridinium and pyryli um cations 
towards nucleophilic substitution has been observed in quali tative studies 
(King and Ozog, 1955; Krivun, Buryak, and Baranov, 1973; Sib, Carretta , 
and Si ma lty, 1972). Salvadori and Williams (1968) interpreted kinetic 
data for the hydrolysis of 2,6-dimethyl-4-ethoxypyrylium cation by 
proposing charge-transfer complex formation prior to sigma- comp lex 
formation in their reaction sequence. 
1.3 Mechanisms and Sigma-Complexes 
1 Mechanis ms of nucleophilic heteroaromati c substitution reactions 
The majority of nucleophilic heteroaroma tic substitution studies 
have placed more emphasis on surveying a large number of reactions than 
on an extensive scrutiny of a single reaction. However, most of these 
reactions follow the patterns characteristic of the addition-eli mination 
Sn2 mechanism in nitre-activated benzenoid compounds (Scheme 1.1), and 
these have been briefly discussed by Miller (1968 ) and Illumin ati (1964). 
The Sn2 mechanism at a saturated carbon is characterized by a 
transition-state in wh ich t he nucleophile and leaving group lie 1n the 
same reaction plane and which are partially bonded to the carbon i .e . a 
synchronous bond-making (to the nucleophile) and bond-breaki ng (from the 
leaving group) one-stage process (Bolton, 1972);but this synchronous one-
stage mechanism is generally untenable for electro ph ilic and nucleophilic 
aromatic substitutions at an unsaturated ring carbon atom (Rys, Skrabal, 
and Zollinger, 1972). The detection of sigma-complexes as probable 
intermediates in aromatic subs ti tuti ons, 1 ed to the gene ral acceptance of 
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a two-step mechanism involving an intermediate of limited stability 
(usually undetected). The SnAr2 mechanism involves "addition of the 
nucleophile to the carbon atom undergoing substitution and conversion of 
that carbon to one with its substituents arranged in a tetrahedral con-
figuration11 (Ross, 1972), which then loses the leaving group to give the 
product. 
Although the SnAr2 mechanism appears at first sight simple and 
straightforward it is invariably more complex. Such complications may 
include: effects due to acid catalysis (Banks, 1944); autocatalysis 
(Miller, 1968); base catalysis (Ross, 1963, 1972); the pre-interme diate 
formation of charge-transfer complexes (Ross and Kuntz, 1954; Salvadori 
and Williams, 1968; Strauss, 1970); and solvent effects (Schaleger and 
Long, 1963; Parker, 1967). 
Other mechanisms observed ,n nucleophilic aromatic substitution 
include the S 1 decomposition of diazonium salts in acid solution (Lewis 
n 
and Insole, 1964),and displacements which proceed via the heteroaryne 
(or benzyne) intermediate (Zoltewicz and Sale, 1971). 
2 teisenheimer-type (sigma) complexes 
Progress in the study of sioma-comp lexes (~ . .9... lJ) formed in 
nucleophilic aromatic substitution reactions has been rapid in recent 
years and several reviews have been published. Foster and Fyfe (1966) 
gave essentially a summary of sigma-complexes forme d from nitrobenzenes ; 
Buncel, Norris, and Russell (1968) and Buck (1969) discussed a number of 
interactions between aromatic nitro compounds and bases including sigma -
complexes; Crampton (1969) discussed structural studies on sigma -complexes 
and the kinetics and equilibria of their formation; and Strauss (1970) 
collected all relevant literature (to January 1970) on anionic sigma-
complexes and discussed in depth important aspects such as thermodynamic 
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stability and detailed structural analysis. 
The appearance of an excellent paper by Rys, et al. (1972) on the 
structure and stereochemistry 0£ transition states and intermediates 
of heterolytic (electroph ilic and nucleophilic) aromatic substitutions, 
was significant. In their paper , two clear distinctions were made: 
(a) 11 further progress in understanding the mechanism of such reactions 
requires an exact determination of the structure of these intermediates 11 
and (b) 11 th at the detection of one or the other type of complex cannot 
alv~ays be reg arded unreservedly as una mb i guous proof of its intermediacy, 
has only been recognised in the last few years". 
It has been postulated (Dewar, 1945) that 2-i.- and molecular 
(ch arge-transfer) comp lexes (Kosower, 1965; Banthorpe, 1970) are inter-
mediates in heterolytic aromatic substitutions,but this is still 
experi me ntally uncertain. 
Sigma-complexes, as are postulated for the intermediate complex of 
nucleophilic aromatic substitution reactions (S Ar2), have a sp3-
n 
hybridized ring carbon at the site of attachment of the nucleophile to 
the substrate and are non-aromatic (if from a monocyclic substrate). 
The majority of siama -complexes studied were formed from the addition of 
an anionic nucl eophi le (~.~- hydroxide, alkoxide, and cyanide ions) to 
an aromatic substrate activated with electron withdrawing groups (~-~-
nitro, aza, cyano),and complexes so formed, carried a unit negative charge 
delocalized o er the rest of the ring and substituents. Dickeson, Dyall, 
and Pickles (1968) were the first to claim isolation and characterisation 
of a sigma -complex formed from a heterocycle. The adduct isolated was 
the sodium salt of 4-aza-1,1-dimethoxy-2,6-dinitrocyclohexadienate (lK) 
formed during methoxy-dechlorination of 4-chloro-3,5-dinitropyridine in 
methanol (the initial adduct may have been an alpha chloro ether which 
can undergo direct solvolysis to the dimethoxy adduct). Four years 
later: Terrier, Chatrousse, and Schaal (1972) presented thermodynamic 
data on the 1,3- (least stable) and the 1,1- complexes (ll and lK 
respectively) formed from 3,5-dinitro-4-methoxypyridin~ and methoxide 
ion in methanol. 
The crys ta 1 structures of two pi cryl ether adducts v-ti th a 1 koxi de 
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ion (Destro, Gramaccioli, and Simonetta, 1968; Ueda, Sakabe, and Tanaka, 
1968) and the adduct from 5,7 dinitro-4-methoxybenzofurazan (Messmer and 
Palenik, 1969) indicate that in the solid state,the cyclohexadienate 
ring is essentially planar for these 'symmetrical' adducts; but the C-N02 
bond was significantly shorter para to the sp 3-hybridized carbon. The 
latter finding was in agreement with the recognized greater stability of 
para benzenoid structures compared with ortho ben zenoid structures.~ 
Nuclear magnetic resonance spectroscopy is the most useful tool 
for studies in solution of the structure of si ~ma-complexes, but the 
field lacks quantitative conformational n.m.r. analyses of asymmetric 
siama- complexes. Differences in the 1 Hn.m.r. spectra of aromatic sub-
strates and sigma-complexes formed from them are greatest for the 
aromatic protons attached to the ring which loses its aromaticity. The 
aromatic proton attached to the carbon at which addition occurs and which 
undergoes sp2- to sp 3-hybridization experiences the largest upfield shift 
and all other protons are affected to a lesser extent. Zoltewicz and 
Helmick (1972) observed upfield shifts (2.4-4.5 ppm)on formation of 
anionic sigma -comp lexes,from diazines and sodium amide in liq uid ammo nia. 
Electronic spectra (although of limited value in providing 
detailed structural information) of anionic sigma-complexes (from nitro-
activated aromatics) usually show absorption in the visible region and 
extinction coefficients much larger than those associated with charge-
transfer bands of aromatic Qj__-complexes. 
The thermodynamics of sigma-complexes and the kinetics and equilibria 
of their formation and stability has received considerable attention in 
recent years . Co mp lex stabilization (higher stability constant) at 25° 
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was mos t effected by a para nitro group , to a l esser extent by an ortho 
nitro group or extension of the aromatic system (~ . .9.. annelation), and 
least by dimethoxy substitution at the sp3-hybridized carbon . A para 
nit ro group was slightly more stabilizing than the para aza group which 
was mo re effective than th e pa ra cyan o group . The equilibrium constants 
for co mp lex formati on between 2,6 -dinitrome thoxybenze ne, 4-cyano-2,6-
dinitromethoxybenze ne, 3, 5-dinitro-4-methoxypyridine, and 2, 4, 6-
trinitrome thoxybenzene and me thoxi de ion in methano l at 25°, were :9.8 x 10- 20 , 
-1 280, 4770 , and 17,000 1 mo l respectively. 
Addition to an electron-deficient aromatic commonly occurs at both 
substituted and unsubstituted positions. Thus,for 3,5-dinitro-4-methoxy-
pyridine with methoxide ion in methanol, t he kinetically more favourable 
but t hermodynamica lly less stable si gma -comp lex (ll), forms first, fol lowed 
by slow conversion to the more thermodynamically stable complex (lK) 
(Terrier,~ tl-, 1972). Bi sulph ite ion addition to 2-aminopyri midine 
methosalt in water at 32°, also gave a thermodynamically controlled 
equilibrium bet\veen the C-6 and C-4 adducts within 20 min of mixing the 
reagents (Pitman , Shetter, and Ziser, 1970). 
CHAPTER 2 
PREPARATION OF COMPOUNDS 
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This chapter consists principally of a discussion of the prepara-
tions of the pyridinium and quinolinium methosalts (2A and 2B respectively) 
and their reaction products. 
In this work the methosalts were prepared by direct methylation 
mostly with methyl iodide in the presence or absence of a solvent (usually 
alcohol) over a wide range of temperatures . The choice of conditions was 
determined by the reactivity of the heterocycle towards methyl iodide and 
the stability of the methiodide so formed to solvent , iodide ion, and 
heat . Quaternisation of heterocycles has been reviewed by Duffin (1964) 
and several quantitative measurements of the rate of quaternisations of 
heterocycles have also appeared (~._g_. Coppens, et tl·, 1963; Clarke and 
Rothwell, 1960) along with demethylation studies by Aumann and Deady 
(1973) . 
2. 1 Halogenopyridinium Salts 
The aloha and qamma halogenopyridines were quaternised either by 
heating or standing at low temperatures with excess methyl iodide 
without added solvent . Thus 2-chloro- and 2-bromo-pyridines with methyl 
iodide at -10° gave a fair yield of th e corresponding methiodides after 
several weeks. This me thod was used by Liveris and Mil ler (1958) to 
prepare the 2-chloro compound and Balli and Kersting (1961) have reported 
the synthesis of 2-chloro- and 2-bromo-pyridine ethotetrafluoroborates 
from the halogenopyridine and triethyloxoniumfluoroborate at 50°. 
Attempted recrystallisations of these methiodides from alcohols or 
acetone and attempted preparations at higher temperatures (~._g_. 20°) gave 
some halogen exchange, by the iodide anion. 2-Iodopyridine methiodide 
was prepared by heating 2-chloropyridine and methyl iodide at 91° . 
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Bradlow and Vanderwerf (1951) have studied the mechanism of the halogen 
exchange reaction in alpha halogenated pyridines and surmised that the 
exchange occurred after quaternisation and entailed nucleophilic displace-
ment of the chloro substitutent by iodide ion. Lowering the tempera ture 
apparently reduced the rate of displacement . 
Bradlow and Vanderwerf (1951) also reported the methylation of 
2 fluoropyridine with methyl iodide at 50° without halogen exchange 
taking place. Miller (1968 , p. 143) tabulated the work of earlier 
researchers who reported a significant change in the mobility ratio, 
fluorine / iodine, in l-halogeno-2 , 4-dinitrobenzenes from 5. 65 x 103 for 
reactions with methoxide ion in me hano l at 0° (~. 3. 80 x 102 at 100°) 
to ca . 10-4 for reactions with iodide ion 1n methano l at 100° . If a 
similar halogen mobility exists 1n quaternised heterocycles towards 
iodide ion (j_.~. chloro ~ bromo << fluoro) , then the above results are 
more readily understood. 
4-Chloro- and 4-bromo-pyridines were methylated with methyl iodide 
at 0° (Sprague and Brooker , 1937 ; Berson , Evleth , and Hamlet , 1965) and 
the quaternisation appeared to proceed more readi ly than with their 2-
isomers . Both compounds were converted to their tetrafluoroborates and 
purified through recrystallisations from ethanol . 4- Iodopyridine meth-
iodide was prepared si milarly to 2-iodopyridine methiodide from the 
chloropyridine and methy l iodide. 
3-Bromo- and 3-iodo-pyridines were me thylated with methy l iodide 
at 90° and showed no signs of halogen exchange under these conditions or 
during recrystallisations from ethanol . 
Reactions of 2-bromopyridine with methyl bromide and of 2-chloro-
pyridine with methyl chloride in benzene or ether proceeded at a slower 
rate t han quaternisation of the same heterocycle with methyl iodide; 
that with methyl chloride proceeded at a significantly slower rate than 
methy l bromide . A similar finding was reported for quantitative measure-
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ments by Larsen and Kraus (1954) on the reactions of propyl halides with 
tripropylamine in acetone. 
2.2 Methoxy- and ethylthio-pyridinium Salts 
2-Methoxypyridine methiodide was prepared at -10° from 2-methoxy-
pyridine and methyl iodide (excess) and appeared to be formed slightly 
more rapidly than the 2-chloro-analogue. Beak and Bonham (1966) have used 
1-methyl-2-methoxypyridinium tetrafluoroborate as a catalyst but gave no 
reference to its preparation. The 2-methoxypyridine methiodide (2C) 
could not be purified by recrystallisation from acetone because of 
decomposition, and when stored (in a dry atmosphere) at room temperature, 
it decomposed to I!-methy l-2 -pyridone (20) within days through the elimin-
ation of the elements of methy l iodide . 2-Methoxypyridine methiodide 
however could be stored at -10°, if a quantity of methyl iodide was also 
present. A possible route to I!-methyl-2-pyridone involves attack by 
iodide ion at the carbon of the methoxy substituent with elimination of 
methyl iodide. Ulbricht (1961) has reported the dealkylation of alkoxy-
pyrimidines and of 2-methoxypyridine with sodium iodide in acetic acid 
proceeds via the cation. In a related study, Beak and Bonham (1966) 
reported the conversion of 2-methoxypyridine to _!i-methyl-2-pyridone at 
130° in the presence of a catalytic amount of N-methyl-2-methoxypyridini um 
tetrafluoroborate. 
3- (and 4-)Methoxypyridines quaternised at room temperature in 
methanolic methyl iodide for 1-2 days and the methiodides were recrystall-
ised from isopropanol. Both salts showed no change in their respective 
melting points after several months at room temperature. The 3-
methoxypyridine was prepared by Q-methylation of 3-hydroxypyridine with 
diazomethane (Marion and Cockburn, 1949). 
Both 2- and 4-methylthiopyridine were methylated by heating with 
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methyl iodide and methano l at 100° and they gave 1n each case a high yield 
of the stable methiodide . The 3-isomer was prepared from a refluxing 
mixture of methyl iodide, 3-methylthiopyridine and ethanol. The 3-
methylthiopyridine was prepared from pyridine-3-sulphonic acid through 
the mercapto compound (Albert and Barlin, 1959). 
2.3 Methylsulphonyl- and Nitro-pyridinium Salts 
Compounds required for quaternisation were prepared as follows: 
the 2-, 3-, and 4-methylthiopyridines were oxidized to the correspondi ng 
methylsulphonylpyridines vJith potassium permanganate in BM-acetic acid 
(RSMe ~ RS02Me), 2- and 4-aminopyridines were oxidized with hydrogen 
peroxide in fuming sulphuric acid to give the 2- and 4-nitropyridines 
respectively (RNH 2 ~ RN02); and 3-nitropyridine was available (Barlin, 
1972). 
The 3- and 4-methylsulphonylpyridines were both quaternised with 
methyl iodide alone at room temperature within 5 days and gave the 
methiodides. However attempted quaternisations of 2-methylsulphonyl-
(and 2-n itro-)pyridines with excess methyl iodide (with or without 
solvent) at room temperature, 70°, and 148° all failed to give the 
methiodides . At higher temperatures the pyridines were consumed; at 148° 
and with nitromethane as solvent, tetramethylammon ium iodide was isolated 
in good yield from the reaction mixtures and had apparently been formed 
from the breakdown of the pyridines because nitrome thane and methyl 
iodide mixed and under the same reaction conditions did not give tetra-
methylammonium iodide. The powerful electron withdrawing nitro and 
methylsulphonyl groups in the alpha position of pyridine reduced the 
reactivity towards methyl iodide significantly, and if it occurs at all, 
the higher tempera tures employed for attempted quaternisation created an 
unstable environment for these highly reactive methiodides. 
4-Nitropyridine (like its 2-i somer) and methy l iodide (neat or 
1n a solvent) at room tempe ra ture fail ed to give its m~thiodide . 
Initially a small quantity of crystals formed, but on furt her standing 
a black solution was produced . 3-Nitropyridine was quaternised at 100° 
following a literature procedure (Pfleidere r, Sann, and Stock, 1960). 
2.4 Amino- (and substituted amino-) pyridinium Salts 
4-Aminopyridine meth iodide was prepared from 4-aminopyridine and 
methyl iodide in acetone at room tempe rature for 12 h. Both 2- and 3-
aminopyridine methiodides we re prepared by refl ux ing the aminopyridines 
with me thyl iodide in ethanol for 4 h and 1n acetone for 20 min 
respectively. The 2-aminopyridine appears to be the least reac tive of 
its isome rs towards me thyl iodide and this corresponds to its lower 
basicity (Mason, 1960). 
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4-Dimethylamino- and 4-methylamino-pyridine me thiodides were 
prepared from 4-dimethylamino- and 4-methylamino- py ridines (which were 
prepared from 4-chloropyridine hydrochlo ride with aque ous dimethylamine 
and methylamine respectively at 140°) with methyl iodide at room 
temperature. These me thiodides have also been prepared from 4-chloro-
pyridine me thiod ide with dimethyl- and methyl-amine (King and Ozog, 1955; 
Bianchi, Burton, Johns on, and Katritzky, 1972). 
Successive exocyclic !i_-methylations of 2-aminopyridine methiodide 
have been described by Tschitschibabin, Konowalowa, and Konowalowa, 
(1921) and agidson and Me nschikoff (1926) and are outlined in Scheme 
2.1. 1,2-Dihydro-2-i mi no-l-me thylpyr i dine was methylated at room 
tempera ture, and the more stable 1,2-di hydro-l-methyl-2 -methylimino-
pyridine by refluxing with methy l iodide in acetone for 0.5 h. In my 
hands the crude 2-di methylaminopy rid ine me thiodide obtained by this 
method gave an hygroscopic material \Alhich was diffi cult to purify even 
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on exchange of the anion to chloride and sulph ate . Later work by Mi ss 
V. Richardson (under the superv1s1on of Dr G. B. Barlin) estab lis hed 
that 2-di me thylamino pyridin e methiodide , prepared fro m 2-iodopyri dine 
methiodide and di me thyl am ine in acetonitrile at 105° , co uld be 
recrystallised from tertiary butanol to give pure 2-di methylaminopyridine 
methiodide. It has been shown that 2-di methyl ami nopyridi ne wi t h methy l 
iodide at 100°, gives 2-pyridyltrimethylammonium iodide (Ts chitschi babin 
and Konowalowa, 1926; Gol 'd f arb, Setkina, and Da ny ushevs ki1, 1948 ; Barlin 
and Young, 1971c). 1-Methyl-2-methylamino pyrid inium iodide wa s also 
prepared by reaction of 2-iodo (or methylthio)pyridine me t hi odide with 
methyl amine under reflux in ethanol or water (Bianchi, et al., 1972; 
King and Ozog, 1955). 
1-Methyl-4-piperidinopyridinium halide was prepared by pi peridi no-
dechlorination of 4-chloropyridine methiodide in refluxin g ethanol and 
also by methylation of 4-piperidinopyridine [itself prepared from 4-
methoxy(chloro or nitro) pyridine with piperidine at 156° (Graf, 1933 ; 
Katada, 1951; Kauffmann and Boettcher, 1962)] with methyl iodide 1n 
refluxing methanol (Scheme 2.2). Both products were converted to the i r 
picrates and shown to be identical because no depression of the m. p. was 
observed on admixture. 
1-Methyl-2-pi peridinopyridinium iodide v1as prepare d by refluxing 
2-iodopyr idine meth iodide wi t h pi peridine in ethanol . 
2.5 Other Py r idines 
!i-methyl-2- and 4-pyridones were prepared from 2- and 4- hydroxy-
pyridines by !i-me t hylations wi t h di methyl sul pha t e under reflux and with 
methyl iodide at 140° respectively. 3-Hydroxy py ridine with methy l i odide 
in refluxing acetone gave 3-hydroxypyri dine meth iodide. 
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2.6 Halogenoguinolinium Salts 
2-Iodoquinoline methiodide was prepared by refluxing 2-chloro-
quinoline with methyl iodide for 7 days and also by allowing a solution 
of these reactants in nitromethane to stand at room temperature for 2.5 
months. 
2-Chloroquin oline methosalts could not be prepared in an 
analytically pure state. It has been reported as the methosulphate, 
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but no m.p. was given (Larive and Baralle, 1964); and as the tetrafluoro-
borate (m.p. 142-144°)(Hunig and Kniese, 1967). Reaction mixtures of 2-
chloroquinoline and methyl iodide at -10° (neat and with added solvent) 
did not show significant change after several weeks, and attempts to 
prepare the methosulphate with dimethyl sulphate in 1,2-dimethoxyethane 
at 115° gave colourless crystals from acetone with m.p. 166-167.5°, which 
analysed low in carbon. Attempts to prepare the tetrafluoroborate salt 
by mixing chilled solutions of 2-chloroquinoline, silver tetrafluoroborate, 
and methyl iodide, all in methanol at 0° gave colourless crystals from 
dichlorethane which had the melting point (140-142.5°) reported by Hunig 
and Kniese (1967),but which gave high carbon analyses. 
3-Bromoquinoline, and 4-, 5-, and 6-chloroquinolines were all 
quaternised at room temperature with methyl iodide within 3 days and the 
products were recrystallised from ethanol. 8-Chloroquinoline was 
methylated with methyl iodide in nitromethane at 110° and the previously 
unknown tetrafluoroborate was prepared by anion exchange with silver 
tetrafluoroborate in methanol. The 5-chloroquinoline required for this 
preparation was made from 5-aminoquinoline by diazotisation with sodium 
nitrite in concentrated hydrochloride acid followed by decomposition of 
the diazonium salt in the presence of cuprous chloride and hydrochloric 
acid (Bradford, Elliott, and Rowe, 1947). 
4-Iodoquinoline methiodide was the maJor product from heating 4-
chloroquinoline with methyl iodide at 110° for 2 days. The more soluble 
4-chloroquinoline methiodide was also present, but was removed through 
its greater solubility in methanol . 
2.7 Methoxy- and Methylthio-guinolinium Salts 
2-Methoxyquinoline was prepared from 2-chloroquinoline and sodium 
methoxide in methanol at 120° (Barlin and Brown, 1967a). Attempts to 
prepare the unknown quaternary salt failed. This was not unexpected 
because of the unusual behaviour observed with 2-methoxypyridine 
methiodide. 2-Methoxyquinoline and methyl iodi de at room temperature 
for several weeKs gave an insignificant quantity of colourless crystals; 
2-methoxyquinoline, methyl iodide, silver tetrafluorobora te, all in 
methanol below 0° gave some colourless crystals (m.p. 144-146.5°) which 
crystallised from dichloroethane-acetone mixtures; but the 1 Hn.m.r. in 
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o2o, CDC1 3, and DMSO-d6 did not support their structure as beinq 2-methoxy-
quinoline methotetrafluoroborate. 
4-Methoxyquinoline methiodide was formed from 0-methylation of .fi-
methyl -4-quinolone (which itself was prepared from 4-hydroxyquinoline) 
(Tucker and Irvin, 1951) with methyl iodide at room temperature (Scheme 
2.3). 5-Hydroxyquinoline and methyl iodide at 110° in methanol saturated 
with potassium hydroxide gave the previously unknown 5-methoxyquinoline 
methiod ide periodide. Attempted isolation of 5-methoxyquinoline 
methiodide was unsuccessful. 8-Hydroxyauinoline was first 0-methylated 
I -
as its sodium salt and then _fi-methylated with methy l iodide at 100° in 
acetone (Foye and Marshall, 1964)·: The previously unknown tetrafluoro-
borate salt was prepared by anion exchange with silver tetrafluoroborate 
1n methanol solutions. 
2-Methylthioquinoline methiodide was prepared from 2-methylthio-
quinoline (Albert and Barlin , 1959) by heating with a slight excess of 
methyl iodide at 100° for 1 day (Beil ens on and Hamer, 1939). The use of 
a large excess of methyl iodide gave a good yield of t ~i methylsulphonium 
iodide as the only isolated product. 3-Methylthioquinoline methiodide 
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was prepared from 3-benzoylthioquinoline and methy l iodide at 100° . The 
3-benzoylthioquinoline Ylas obtained by benzoylation of 3-mercaptoqui noline 
prepared from 3-amin oquinoline with potassium ethyl xanthate (Al bert and 
Barlin, 1959). 
The previously unknown 4-methylthioquinoline me thiodide was 
obtained from 4-methylthioqu inoline (Albert and Barlin, 1959) and methyl 
iodide at room tempe rature. The unknown me thopicrate was also prepared. 
2.8 Piperidinoq ui nolinium Salts and Quinolones 
l-Methyl-2- (and 4-)piperidinoquinolinium iodides were pre pared 
from 2 and 4-iodoquinoline methiodides with piperidine in ethanol. 
fi-Methyl-4-quinolone was prepared from 4-hydroxyquinoline and 
methyl iodide (Tucker and Irvin, 1951) and N-methyl-2-quinolone was 
available. 
2.9 Pyrimidine Compounds 
ii_-Methyl-2-pyrimidone was isolated from the hydrolysis of 2-
methylthiopyr i midine methiodide in aqueous sodium hydroxide . Ethoxy-
pyrimidine methiodide was isolated and characterised from a solution of 
4-methylthiopyr i midine meth i odide in ethanol. 
CHA PTER 3 
KINETICS OF REACTIONS WITH HYDROXIDE ION IN WATER 
Kinetic studi es on the quantitative effects of protonation, or 
quaternisation by _!i-methylation, on the nucleoph ilic displacement of 
substituents from nitrogenous heteroaromat ics have received little 
attention, and most of the published data on uncharged heteroaromatics 
have been with amines or alkoxide ions as nucl eoph iles. 
In this chapte r, are reported the kinetic studies of repl acements 
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,n 2-, 3-, and 4-substituted-ii_-methylpyridinium salts, some !i_-methyl-
quinolinium salts, 1-substituted-ii_-me thylisoqu inolinium salts, and some 
representative uncharged heteroaromatic compo un ds, all with hydroxide ,on 
in water. This nucleophile was chosen to obtain measurable rates for the 
highly reactive quaternary heteroaromatics, and because of the possibility 
of solvolysis or demethylation with stronger nucleophiles [Liveri s and 
Miller (1958)observed comp lete reaction between methoxide ion and 2- and 
4-chloropyridinium salts at -15° after 2 min, and also demethylation ,n 
the 3-isome r at 45°]. 
It was not feasible to use a constant hydroxide ,on (and substrate) 
concentration throughout this work, mainly because of practical consider-
\ 
ations; although undes irable for I comp ctr i sons , the hydroxide ion 
concentration was increased significantly in some cases. As would be 
expected for reactions between ionic species, the rate coefficients were 
affected by l arge changes in ionic strength as shown by the results for 
4-chloro- and 4-iodo-quinoline meth iodides given in Ta bles 3.2 and 3.12 
and in Fig. 3.5, but for individua l compounds changes ,n the hydroxide ion 
concentration were minimised . The effect of a change of anion as sho\vn 
by the results for 2-bromopyr idine me thiodi de and methobromide 1n Table 
3.2 was only slight (cf. Liveris and Miller, 1958) and was neglected. 
The extent of conversion to the hydrolysis products and the rate 
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coefficients of the reactions were determined spectrophotome trically. 
Each reaction which was studied kinetically proceeded s,noothly (Table 3.1 
gives representative . examples), as indicated by the observance of i sosbes -
tic points in the ultraviolet spectra obtained from the reaction mixtu re , 
to give an essentially quantitative conversion to the hydrolysis product. 
These reactions were substantially bimolecular as indicated by the t 1 ~ 
values given in Table 3.2 and discrepancies between calculated and obs erved 
values may be due to ionic strength changes or errors arising from th e 
absorption of carbon dioxide during the use of dilute sodium hydroxide 
solutions. Solvolysis of the quaternised salts in aqueous solutions was 
insignificant under the conditions of the kinetic measurements exce pt for 
2-fluoropyridine methiodide in which solvolysis was significant but the 
experimental method was adjusted to minimise its effect. 
Calculations of the second-order rate coefficients (shown ask 
throughout this thesis) for the reactions of the halogeno-, methylsul phonyl-, 
methylthio-, and amino- heterocyclic methiodides (~.!J: 3A + 3B) allowed for 
the consumption of 2 moles of sodium hydroxide per mole of heterocycle 
(conversion of a cation to a neutral molecule),and equation 3.1 (see also 
Chapter 7) was used for the calculation of the rate coefficien t s. 
However for the 2- and 4-methoxy analog ues equation 3.1 
k 2.303 = t(a-2b) log 
b(a-2x) 
a(b-x) 3. 1 
was modified by inse r ting (a-b) and (a-x) for (a-2b) an d (a-2 x) 
respectively, because one mole only of hydroxide ion was consumed per 
mole of heterocycle due to regeneration of an equivalent of hydroxide 10n 
by the liberated methoxide ion in aqueous solution. As the reactions of 
the methylthio compounds were conducted with a considerable exces s of 
hydroxide 10n, allowance was not made for possible regeneration of 
hydroxide ion (Barlin and Brown, 1968), and equation 3.1 was empl oyed. 
The reaction of 3-methoxypyridine methiodide and hydroxide ion involved 
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complete regeneration of hydroxide 10n through reaction of the li berated 
methoxide ion with water. For the reactions of the uncharged hetero -
cycles, one equivalent of hydroxide ion was consumed per equival ent of 
heterocycle. 
+~ 
N I 
I I 
Me 
(3A) 
+ 2 Na OH --------1)li.~ 
Me 
(38) 
+ 2 NaI 
0 
Activation energies and frequency factors were determined fo r 
reactions of all the methiodides having substituents at the 2- or 4-
positions 1n the pyridine and quinoline series,and at the 1-positi on 1n 
the isoquinolines. However, of all the compounds having substituents at 
the 3-position in pyridine and at the 3-, 5-, 6-, and 8-positions in 
quinoline,only 3-methoxypyridine methiodide gave regular kinetics. In 
the uncharged heteroaromatics, Arrhenius parameters were determin ed fo r 
4-methylsulphonylpyridine and 2-iodoquinoline,and approxi ma te rate co-
efficients were determined for 2- and 4-chloro pyridine, 4-iodoqui noline, 
and 1-iodoisoquinoline. The Arrhenius parameters for 2-fluoro- and 4-
methylsulphonyl-pyridine methiodides have been adjusted for use of the 
bath temperature as the temperature of reaction (see Chapter 7), and vary 
somewhat from the published values (Barlin and Benbow, 1974) which were 
calculated from the equilibrium cell temperature . 
Results of the kinetic studies with hydrox ide ion 1n water are 
given in Tables 3.1, 3.2, and 3.3. Table 3.1 gives the details of some 
representative kinetic experiments and indica tes that regular kinet ics 
were observed between 10% and 90% reaction. The standard deviation from 
the mean rate coefficient for each kinetic run wa s usually 3% or l es s, 
but in a few cases it was someti mes higher. Solvent expan sion or con-
traction corrections were made to the concentrat ion terms in the calcul-
ation of rate coefficients. Table 3.2 contains all the kinetic results 
Time (s) 
Reaction (%) 
k(l mol-l s- 1) 
Time (s) 
Reaction (%) 
k(l mol-l s- 1) 
11. 5 
11.4 
10 . 7 
3.0 
8.7 
61. 2 
Time (s) 1620 
React i on (%) 19.5 
1031i: (l mol-l s- 1) 1.42 
Time (s ) 
React ion {%) 
102k(l mol-l s- 1) 
Time (s) 
React i on (%) 
k(l mol-l s- 1) 
5.9 
11. 5 
8.27 
1. 2 
11 . 5 
229 
Time (s) 429 
Reaction (%) 15 .9 
1051i: (1 mol-l s- 1) 8.09 
TABLE 3.1 
Some typ ical kinet ic results for reactions with hydroxide i on 
18.8 
18 .0 
10 .9 
6.0 
16.9 
63 .0 
3000 
34 .0 
1.47 
11.8 
22 .0 
8.46 
2.4 
21. 5 
231 
633 
22.0 
7.84 
2-Chloropyridine methiodide at 55 . 3° 
Hydroxide ion 0.000987M; methiodide 0.0000987M 
26 . 2 
23 . 9 
10 .9 
36.6 
31.6 
10 .9 
50.3 
40 .l 
10.8 
66.0 
49.1 
11.0 
Mean k = 10 .9 ± 0.1 
83 .8 
57.0 
10.9 
4-Methylsulphonylpyri dine methiod i de at 19 .0° 
Hydroxide ion 0.000501M; methiodide 0.0000496M 
9. 7 
25.7 
62.6 
14.9 
36 .2 
62.6 
21. 8 
47 . 5 
62.2 
29.8 
57.6 
61.6 
Mean k = 61.9 ± 0.7 
4-Methyls ul ph onylpyridine at 110.5° 
Hydroxide i on 0.0950M; pyridine 0.00303M 
4200 
43 . 4 
1.44 
5760 
52.8 
1. 38 
8640 
68.5 
1. 43 
12060 
80 .2 
1.44 
1.42 ± 0.03 
40 .7 
68.2 
61. 2 
15360 
85.8 
1. 36 
4-Ch loroguinoline meth iodide at 25.5° 
Hy drox ide ion 0.250M; methiodide 0.0000387M 
20.6 
35 . 2 
8. 44 
29.4 
46 . 3 
8.44 
41. 2 
57.7 
8 . 36 
54.7 
67.8 
8.30 
Mean 102k = 8. 34 ± 0.09 
70.0 
76.7 
8.31 
1-Methylthioisoguinoline methiodide at 14.3° 
Hydroxide ion 0.00046M; methiodide 0.0000789M 
3.9 
32 .5 
231 
5. 7 
42 .7 
231 
7.9 
52.5 
229 
Mean k = 234 ± 6 
10.6 
63 . 5 
237 
13 .8 
72 .5 
241 
2-D imethylaminopyrid i ne methiodide at 13.4 ° 
Hydroxide ion 5.00M; methiodide 0.00454M 
1088 
34.1 
7.66 
1603 
46 .2 
7.73 
2133 
56.8 
7.87 
2705 
64 .7 
7.69 
7. 79 0. 16 
3250 
71. 2 
7.68 
104.7 
64.3 
10.8 
53.6 
77 . 3 
61.1 
16200 
87 .8 
1. 39 
88.2 
83.7 
8.22 
18 .7 
82. 0 
245 
4231 
80.0 
7.62 
130.9 
72.5 
11.0 
69.5 
85.1 
61.6 
117 . 6 
91. 2 
8.26 
167.5 
80. l 
10. 9 
5572 
89 .0 
7.93 
39 
209.4 
86.4 
10.9 
a 
Temp.-
(oc) 
20.3 
13.6 
13.6 
5.6 
55.3 
55.3 
47.l 
38.0 
55.3 
55.3 
47 .3 
38.1 
55.3 
55.3 
47.3 
38.0 
20.2 
13.2 
13.2 
5.7 
3.0 
3.0 
1. 5 
3.0 
9.87 
4.94 
9.91 
9.95 
9.87 
4.94 
9.92 
9.95 
9.87 
4.94 
9.91 
9.95 
62.5 
125 
63.0 
125 
TABLE 3.2 
Kinetic results for the react ions of quaternized and unquaternized 
pyridines, quinolines, and isoquinolines with hydroxide ion 
105 (Subs tr.] 
(M) 
8.81 
9.91 
5. 34 
9.82 
9.87 
4.94 
9.86 
10 .1 
9.87 
4.94 
10.4 
10 .1 
9.87 
4.94 
9.96 
10.0 
65.0 
129 
64.3 
129 
h 
-2-Fluoropyridine methiodide 
655 
465 5.5 
409 14.3 2.61 2.02 
296 
h 
-
2-Chloropyridine methiodide 
10.9 68.4 
11. 3 132 1. 93 2.00 
6.37 
3.07 
h 
2-Bromopyridine methiodide 
7.24 103 
7.27 205 1. 99 2.00 
4.11 
1.86 
h 
-
2-Bromopyridine methobromide 
7.57 98.4 
7.51 198 2.01 2.00 
4.23 
1. 96 
i 
2-Iodopyridine methiodide 
0.0886 
0.0412 1430 
0.0439 2660 1. 86 1. 99 
0.0195 
f 
Analyt. ). 
(nm) 
297 
297 
297 
297 
297 
297 
297 
297 
297 
297 
297 
297 
297 
297 
297 
297 
293 
293 
293 
293 
40 
9. pH 
7.0 
7.0 
7.0 
7.0 
a 
Temp.-
(oc) 
52.5 
47.5 
47 .5 
40 .0 
150.9 
149.5 
147.0 
141. 5 
128.6 
24.9 
34.9 
34.9 
24 .8 
14.6 
k 
75.0 
k 
75.0 
i 
64.6 
; 
55.2 
30.2 
23.1 
17.6 
17 .6 
16.4 
11.8 
5 10 [Substr.] 
(M) 
9.85 12.6 
9.88 13.1 
4.94 6.52 
9.92 12.7 
456 470 
230 235 
461 472 
463 474 
469 480 
500 533 
329 351 
164 166 
330 331 
330 332 
244 246 
122 123 
246 248 
246 248 
4.99 4.94 
5.00 4.95 
5.01 4.94 
2.50 2 .4 7 
5.01 4.96 
5.01 4 .96 
TABLE 3.2 continued 
C 
( s) 
j_ 
2-Methoxypyridine methiodide 
0.585 
0.394 1850 
0.363 4010 2.17 
0.204 
k 
-3-Methoxypyridine methiodide 
0. 00776 2020 
0.00792 3920 1. 94 
0.00635 
0.00378 
0.00143 
; 
-4-Methoxypyridine methiodide 
l 
0.00130 
; 
2-Methylthio pyridine methiodide 
0.0164 1370 
0.0157 2840 2.08 
0.00490 
0.00174 
.i_,~ 
4-Methylthi opyridine methi odide 
0.00631 4780 
0.00620 9730 2.03 
0.00232 
0.00108 
h 
4-Methylsulphonylpyridine methiodide 
162 
101 
74. 1 19.8 
69.1 42.4 2.14 
61. 9 
43.5 
calc. 
1. 98 
1. 98 
2.00 
2.00 
2.00 
f 
Analyt. >. 
(nm) 
297 
297 
297 
297 
318 
318 
318 
318 
318 
262 
318 
318 
318 
318 
262 
262 
262 
262 
260 
260 
260 
260 
260 
260 
/1 1 
.9. pH 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
a 
Temp.-
{oc) 
113. 3 
110.5 
110.5 
103.2 
90.7 
k 
72.8-
; 
64.2 
; 
57.3 
65.3 
18.4 
13.4 
3.6 
; 
73.9 
; 
64.2 
k 
57.3 
; 
54.3 
76.2 
74.5 
64.2 
52.8 
950 
950 
476 
960 
970 
48900 
49200 
49400 
49100 
50000 
50000 
50100 
48900 
49200 
49400 
49400 
48900 
48900 
49200 
49500 
105[Substr.] 
{M) 
423 
303 
159 
307 
323 
496 
495 
493 
461 
509 
454 
418 
492 
502 
499 
499 
498 
496 
493 
556 
TABLE 3.2 continued 
C 
t 3.: 
2 
{ s) 
k 
-4-Methylsulphonylpyridine 
0.00172 
0.00142 5200 
0.00135 10900 2.09 
0. 000775 
0.000255 
j__ .~ 
2-Aminopyridine methiodide 
0.0000273 
0.0000124 
0.00000645 
; 
2-Methylaminopyridine methiodide 
0.0000144 
; 
-2-Dimethylaminopyridine methiodide 
0.000135 
0.0000779 
0.0000258 
j__ .~ 
4-Aminopyridine methiodide 
0.0000236 
0.00000822 
0 .00000393 
0.00000289 
; 
4-Methylaminopyridine methiodide 
0.0000132 
0 .0000113 
0.00000375 
0 .00000104 
2.00 
f 
Analyt. ). 
{nm) 
255 
255 
255 
255 
255 
299 
299 
299 
315 
329 
329 
329 
269 
269 
269 
269 
279 
279 
279 
279 
42 
.9. 
pH 
7.0 
7.0 
7.0 
7.0 
7.0 
- 2.4 
- 2.4 
- 2.4 
- 2.4 
- 2.4 
- 2.4 
- 2.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
a 
Temp. -
(oc) 
76.2 
75.8 
64.2 
52.8 
51.7 
51. 7 
43.2 
33.3 
126.5 
126.5 
114.8 
105. 8 
42.6 
37.5 
32.4 
i 
30.3 
i 30.3 
25.5 
h 
54.9 
h 
47.5 
h 
41. 5 
h 
34.6 
i 
34.0 
i 
34.0 
i 
25.0 
i 
14 .5 
48900 
48900 
49200 
49500 
2.47 
1. 24 
2 .48 
2.49 
1880 
940 
1900 
1910 
2500 
2500 
2500 
10 
5 
2500 
2470 
2480 
248b 
2490 
47. 6 
24.4 
47.5 
47. 6 
5 10 (Substr.] 
(M) 
508 
512 
506 
556 
2.37 
1. 13 
2.53 
2.61 
30 .1 
15. 1 
34.7 
34.9 
3.86 
3.86 
4.99 
7.78 
3.89 
3.87 
3. 79 
3.80 
3.81 
3.82 
6.92 
3.55 
5.99 
6.92 
TABLE 3.2 continued 
C 
t J..: 
2 
( s) 
i 
4-Dimethylaminopyridine methiodide 
0.0000129 
0.0000125 
0.00000361 
0.00000105 
h 
2-Iodoguinoline methiodide -
264 11. 3 
264 22.3 1. 98 
147 
70. 3 
k 
-2-Iodoguinoline 
0.000640 5760 
0.000678 10900 1. 89 
0.000295 
0.000150 
4-Chloroguinoline methiodide 
b_,j_ 
0.335 
0.222 
0 .152 
0.222 3270 
0.225 6430 1. 97 
0.0834 
4-Iodoguinoline methiodide 
b_,j_,_Q_ 
0.346 
0.187 
0 .114 
0.0644 
0 .122 1200 
0 .120 2390 1. 99 
0.0571 
0.0219 
1. 99 
2.00 
2.00 
1. 95 
f 
Analyt. ). 
(nm) 
288 
288 
288 
288 
342. 5 
342.5 
342.5 
342.5 
332 
332 
332 
332 
338 
338 
338 
338 
338 
338 
345 
345 
345 
345 
345 
345 
345 
345 
43 
3. 
pH 
0.0 
0.0 
0.0 
0.0 
m 
14 
m 
14 
m 
14 
m 
14 
7.0 
7.0 
7.0 
7.0 
a 
Temp. -
( oc) 
63.5 
63.5 
51. 5 
41. 9 
51. 2 
46.3 
46.3 
39.7 
24.5 
49.7 
49.7 
40.9 
31.1 
36 .0 
27.0 
27.0 
20.7 
15.4 
30.0 
23.4 
23.4 
14.3 
8.0 
4.92 
2.46 
4.95 
4.97 
4.94 
9.90 
4.95 
9.94 
50.0 
247 
124 
248 
249 
25.0 
25.0 
12.5 
25.0 
25.0 
4.56 
4.43 
2.29 
4.60 
9.67 
105[Substr.] 
(M) 
5.03 
2.63 
5.06 
5.09 
4.69 
9.40 
4.59 
10.9 
5.8 
276 
125 
253 
250 
6.59 
7.22 
3.61 
6.59 
6.59 
7.69 
7.69 
4.2 5 
7.89 
8.15 
TABLE 3.2 continued 
d ,_ 
ti/ti, 
2 2 
( s) 
h 
2-Methylthioguinol,ne methiodide 
17.6 B4.8 
18.0 166 1. 96 
7.88 
3.99 
j_ 
4-Methoxyguinoline methiodide 
0.635 
0.383 1870 
0.364 3950 2.10 
0.217 
0.0484 
i 
4-Methylth iog uinol ine methiodide 
0.0105 2850 
0.0111 5320 1. 87 
0.00463 
0.00154 
h 
-1-Iodoisoguinoline methiodide 
59.6 
33.2 8.67 
33.4 17.3 1. 99 
20.8 
14.l 
h 
1-Methylthioisoguinoline methiodide 
670 
447 4.66 
433 9.56 1. 94 
234 
155 
e 
t)<-
2 2 
calc. 
2.00 
2.00 
1. 99 
2.00 
2.05 
f 
Analyt. >. 
(nm) 
349 
349 
349 
349 
337 
305 
305 
297 
337 
349 
349 
349 
349 
350 
350 
350 
350 
350 
360 
360 
360 
360 
360 
9. 
pH 
7.0 
7.0 
7.0 
7.0 
.! ± 0.2° for the rapid reaction experiments; otherwise± 0.1° for temperatures < 65°, + 0.2° for temperatures 
> 65° but < 110° , and ± 0.3° for temperatures > 110°. ~ Corrected for solvent expansion or contraction; 
TABLE 3.2 continued 
the standard deviation was usually < 3%. ~ Time for 50% reaction. ~ The ratio oft½ values for two 
separate experiments at different concentrations. e Calculated from the concentrations of reactants 
employed. f Spectrophotometric wavelength at which the reaction was followed. .9. pH of solutions 
used to stop the reactions and for spectroscopic measurements; pH values below zero were obtained in 
solutions of sulphuric acid to which Ha1T1Tiett acidity functions (cf. M. A. Paul and F. A. Long, Chem. Rev., 
1957, 57, 1) have been assigned. D.. The rapid reaction 'stopped flow' technique was employed and the 
reaction temperature was taken as the bath temperature. i The pipette method was employed to study this 
reaction. l. The rapid reaction 'stopped flow' technique was employed and the reaction temperature was 
taken as the equilibrium cell temperature. ~ Sealed tubes were used in the study of this reaction. 
l O'Leary and Stach, 1972, give 7.59 x 10-4 l mol-l s-l at 20°C. m Negligible reaction at room temper-
ature. n The Arrhenius parameters calculated from the results with the rapid reaction 'stopped flow ' 
technique are reported in Table 3.3. 
TABLE 3.3 
Rate coefficients and Arrhenius parameters for reactions with hydroxide ion 
Compound 
N-Methylpyridinium salt 
2-Fluoro 
2-Chloro 
e 
2-Bromo 
f 
2-Bromo 
2-Iodo 
2-Methoxy 
3-Methoxy 
2-Methylthio 
4-Methylthi o 
4-Methylsulphonyl 
2-Amino 
2-Dimethyl amino 
4-Amino 
4-Methylamino 
4-Di methyl amino 
Pyridine 
4-Methylsulphonyl 
N-Methylguinolinium salt 
2-Iodo 
4-Chloro 
4-Iodo 
4-Methoxy 
2-Methyl thi o 
4-Methylthi o 
Quinoline 
2-Iodo 
a 
k at 20°C 
( l mo l - 1 s - 1 ) 
6.60 X 10+2 
6.92 X 10-1 
3.70 X 10- 1 
4.10 X 10- 1 
8.69 X 10-2 
2.90 X 10-2 
5.00 X 10-9 
2.87 X 10-3 
2.21 X 10-5 
8.00 X 101 
1.03 X 10-7 
1.59 X 10-4 
3.63 X 10-8 
1. 41 X 10-8 
1. 86 X 10-8 
1.02 X 10-7 
2.44 X 101 
5 .11 X 10-2 
1.69 X 10-2 
3.00 X 10-2 
6.55 X 10- 1 
4. 39 X 10-4 
3.24 X 10-8 
9.1 9.6 8.5 
15.0 11.0 14.4 
16.1 11. 6 15.5 
15.7 11.4 15.1 
17.0 11. 6 16.4 
17.8 11. 7 17.2 
27.1 11. 9 26.3 
19.3 11. 9 18.7 
20.6 10.7 19.9 
12.5 11. 2 11. 9 
21. 2 8.8 20.4 
18.0 9.6 17.4 
24.3 10.6 23.6 
24.8 10.6 24.1 
24.4 10.4 23.7 
23.6 10.6 22.9 
14.2 12.0 13 .6 
15.4 10.2 14.8 
16.4 10. 5 15.8 
18.3 12.1 17.7 
17.8 13.1 17.2 
20.1 11. 7 19.5 
21. 7 8.7 20.9 
-tiS 
t s!. 
(cal mol- 1deg- 1) 
16.5 
10.3 
7.6 
8.5 
7.4 
7. 1 
6.7 
6.0 
11. 8 
9.2 
20.5 
16.5 
12.3 
12.3 
13.2 
12.4 
5.7 
13.9 
12.6 
5.3 
0.7 
7.1 
21. 2 
Compound 
N-Methylisoguinolinium salt 
1-Iodo 
1-Methylthio 
a 
k at 20°C 
(1 mol-l s-1) 
1.98 !. 101 
3.47 X 102 
TABLE 3.3 continued 
12.5 
11. 3 
10.6 
11.0 
11. 9 
10.7 
47 
-t.S 
+ .Q. 
(cal mol- 1deg- 1} 
12.0 
10.2 
.! Experimental result or calculated from the rate coefficient at a nearby temperature or calculated from E 
and log10A values. .Q. Accurate to ± 1.0 kcal mol-l (Schaleger and Long, 1963). .£ Accurate to ± 0.8 
units (Schaleger and Long, 1963). d Accurate to ± 0.8 cal mol-l deg-l (Schaleger and Long, 1963) . 
~ As the iodide. .f. As the bromide. 
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for each compound listed, and the approximate rate coefficients are 1n 
Table 3.4 . Table 3.3 lists the Arrhenius parameters, energy of activation 
(E), and frequency factor (log A) calculated from the kinetic results; 
also the enthalpy and entropy of activation (6H+ and 6S+ respec tive ly) 
for the transition state, calculated from the Arrhenius parameters and 
the mean temperature of the kinetic experiments for each compound . The 
second-order rate coefficient (k), calculated at 20°c, from the Arrhenius 
parameters or from a nearby temperature are also included in Table 3.3. 
Table 3.5 gives k at 20°C and the Arrhenius parameter for relevant com-
pounds reported in the literature . All comparisons of reactivity based 
upon rate coefficients have included the temperatures at which the rate 
coefficients were determined or calculated, because the relative reactivity 
can be reversed when temperature is changed (Exner, 1973; Hambly, 1965; 
Brown and Foster, 1966). 
3. 1 Effects of Quaternisation on Reactivity 
Direct quantitative comparisons of the reactivity of six quaternised 
heteroaromatics vlith their unquaternised analogues are made 1n Table 3.4. 
In only two cases was a comparison of the Arrhenius parameters also 
possible. At 20°, 4-methylsulphonylpyridine methiodide was 7.27 x 108 
times more reactive, its energy of activation 11.1 kcal mo le-l lower , and 
the frequency factor 0.6 units higher, than the corresponding values for 
4-methylsulphonylpyr idine. These are of the order calculated by Liveris 
and Miller (1958) for the reactions of 4-chloropyridine and its methiodide 
with methoxide ion in which quaternisation was associated with an increase 
in reactivity by 5.70 x 109 times at 50°, a decrease in the energy of 
activation by 12 .2 kcal mole- 1, and an increase in the frequency factor 
of 1. 45 units . Comparison of the kinetic data for 2-iodoquinoline and its 
methiodide revealed that the methiodide was 3.40 x 107 times more reactive 
TABLE 3.4 
Comparison of rate coefficients (l mol-l s - 1) fo r the reaction s 
of substituted _!i-methyl-pyridinium, -quinolinium, and 
+ 
-isoquinolinium salts (NMe) and their unquaternised 
analogues (N) with hydroxide ion in water. 
Temp. Rate coefficient Rate coefficient 
Compound + (oc) NMe compound N compound 
Pyridine 
a b 
2-Chloro 142.8 1.32 X 103 - 5 -6 - 3 X 10 
a b 
4-Chloro 144.6 4.01 X 101 - 2 -5 - 2 X 10 
- a 
Ratio 
+ 
NMe:N 
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X 108 :1 
6 X 10 :1 
4-Methylsulphonyl 20.0 7.41 X 101 1.02 X 10 -7 - 7.27 X 108:1 
Quinoline 
2-Iodo 
4-Iodo 
Isoguinoline 
1-Iodo 
114.8 
114.8 
114.8 
a 
1.00 X 104 -
a 
1.83 X 101 -
a 
3.62 X 103 -
2.95 X 10-4 3.40 X 107:1 
b 5 3 -5 - 6 X 10 X 10 :1 
3 
C 
-4 -
X 10 1 
a 
- Calculated from E and log 10 A values; current work . Q Approxi mate 
values only, obtained for partial reaction. 
10-20% reaction. 
.f. Approxi mate value at 
TABLE 3.5 
Rate coefficients and Arrhenius parameters for reactions 
with hydroxide ion. 
E 
Compound 
( -1) kcal mol 
N-MethtlQtridinium salt 
a 
10° 4-Fl uoro - 1.74 X 13.6 
a 
10-3 4-Chloro - 5.96 X 17.2 
a 
10-3 4-Bromo - 4.81 17.4 X 
a 
10-3 4-Iodo - 2.00 X 17.0 
a 
10-4 4-Methoxy - 7.59 X 18.3 
b 
101 2-Cyano 5.17 X 14.4 
b 
10-1 3-Cyano 2.81 X 14. 1 
b 
10° 4-Cyano 1.84 X 14.9 
50 
log A 
10.4 
10.6 
10.6 
9.9 
10.5 
12.2 
9.8 
11.1 
-9_ Rate coefficient calculated at 20° from a nearby temperature or E and 
log A values (O'Leary and Stach, 1972). Q Rate coefficient at 25.2° 
(Patton, 1961) . 
at 114.8°; its energy of activation was 7.5 kcal molc- 1 lower , anrl t he 
frequency factor 3.3 units higher. 
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Accurate kinetics could not be determined for the reactions of 2-
and 4-chloropyridine , 4- iodoquinoline, and 1-i odoisoqu ino l ine with hydroxide 
ion, due to competing reactions in the case of the pyridines at the hi gher 
te mperatures required and to an observed downwa rd trend in t he rate co-
efficient with ti me for 4-iodoquinoline. 1-Iodoisoquinoline showed com-
plete conversion to 1-hydroxyisoquinoline, but gave large random variations 
and a small trend in the rate coefficients at several temperatures . However 
in all cases,approxi ma te rate coefficients we re determined from the early 
stages of the reactions in sealed glass vessels. Comparisons of these ·rate 
coefficients with values obtained for the meth iodides by calcul ation from 
E and log A values are contained in Table 3.4 and reveal a ra te enhancement 
on quaternisation of ca. 106 to 109 times. 
Greater enhanceme nt of reactivity was observed at the alpha position 
compared with the gamma position in the pyridines and quinoli nes and was 
most likely due to the close proximity of the site of reaction t o the 
positively charged quaternary nitrogen. The significantly larger increase 
in the freq ue ncy factor observed on quaternis ation of 2-i odoquinoline (i.e . 
3.3 units) compared to that observed on quate rnisation of 4-methylsulphonyl -
pyridine (i-~ 0.6 units) in their reactions with hydroxide ion, was due to 
a change 1n the l eav in g group and fus i on of a benzene ring , but more 
i mportantly to a posi t ional change of t he l eaving group from ga mma to alpha 
to the quaternary nit roge n. Liveris and Mill er (1 958 ) observed , for 
methoxy-dechlorination in pyridine, a greater enhancement of reactivity on 
quaternisation at the 2-position compared to dis placement at the 4-position 
and also a significantly larger increase in t he frequency fa ct or at the 2-
position (i-~- 2.5 units) compa red to the 4-position (i-~- 1.45 units ). 
The greater enhancement in reactivity towards hydroxide ion foll owing 
quaternisation in the pyridines comp ared to the quinolines (abo ut t en f old) , 
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suggests that the charge 1s more delocalised 1n the quinoline methosalts. 
3.2 Leaving Group Effects 
Leaving groups in heteroaromatic nucleophilic substitutions have 
usually been studied individually or compared with a small number only 
of similar leaving groups. Here an attempt has been made to study a wide 
range of leaving groups on the same substrate and with the same nucleo-
phile. 
The rate coefficients (at 20°C) for the 2-halogeno-!!-methyl-
pyridinium salts were in the order, fluoro >> chloro > bromo > iodo 
(Table 3.3). These rate variations were paralleled by significant in-
creases in the energies of activation (the energy of activation for the 
fluoro compound being the least); but for the fluoro compound, its s1gn1-
ficantly lower frequency factor (by 1.4-2.0 units) was responsible for 
some compensation in the mobility order. 
Abramovitch, Helmer, and Liveris (1968) have observed for the 
reactions of 2-fluoro-, bromo-, and chloro-pyridines with methoxide ion 
in methanol the following mobility order, energy of activation, and 
frequency factor (log A): fluoro >> bromo > chloro; 23.3, 26.6, 30.5 
kcal mole- 1; and 10.7, 11.2, 12.9 respectively. Bressan, et~- (1971), 
in an extended study with the above system, reported on fluoro to chloro 
substituent mobility for reactions between methoxide ion and substituted 
pyridines, quinolines, and quinoxalines. These workers observed, in all 
cases, lower energies of activation for the displacement of a fluoro 
substituent compared with that of a chloro substituent (~. 1.4 to 7.0 kcal 
-1) f mole and when such differences were fairly large, the entropy o 
activation was also lower for the fluoro compound. Finally, they observed 
lower kF/kcl reactivity ratios when the leaving group was alpha to the 
aza group than for the gamma position. In the present work the reverse 
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was observed for the quaternised salts with hydroxide ion (Table 3.3 and 
3.5) j_.~. the kF/kcl ratio was higher for the alpha substituted compounds. 
The results for these uncharged heterocycles were discussed in terms of 
steric hindrance (to the leaving group loss) resu lti ng from specific 
salvation at the aza group and the fluoro subs t ituent (j_. ~ . decrease 1n 
transition-state stability), but it is unlikely that the same steric 
hindrance applied to the quaternised heterocycles. The observed halogeno 
mobility order is not that expected of bond-break ing predominatin g in the 
rate-determining step and is consistent with the two step mechanism. 
O'Leary and Stach (1972; Table 3.5) reported on the hydrolysis of 
4-substituted pyridine methiodides with O.lM-sodium hydroxide in water 
and found no significant variation in the frequency factors for the 
fluoro, chloro, and bromo compounds. Thus the location of the quaternary 
nitrogen has quite a different effect from that of an aza group on E and 
log A. 
The replacement of methoxy and methylthio substituents by nucleo-
philes from quaternary heteroaromatic salts has been negl ected apart from 
the hydrolysis of 4-methoxypyridine methotetrafluoroborate and some 
qualitative studies discussed in Chapter 1. In uncharged heteroaromatics , 
the methoxy substituent was invar iably displaced more read ily than was a 
methylthio substituent, although this order may be reversed at another 
temperature (Brown and Foster , 1966). 
The rate coeffici ents determined for 4-methoxy-_!i-methylpyridinium 
iodide in the present work were consistent with those published about that 
time by O'Leary and Stach (1972) and obtained under pseudo first -o rder 
reaction conditions. 
A comparison of the reactivities of methoxy with halogeno (chloro, 
bromo, and iodo) substituents revealed that the methoxy substituent was 
the least reactive (Tables 3.3 and 3.5)· this difference being greatest 1n 
the 2-substituted pyridines and least in the 4-substituted qu inolines . _ 
A similar comparison of the methoxy with the rnethylthio substituent 
revealed that the greater reactivity for the methoxy substituent at the 
2-position of the pyridinium salt was further increased by a factor of 
about 10 at the 4-position of the quinolinium salt. 
54 
Studies on Sn2 displacements from uncharged and quaternised 
methoxy substituted heteroaromatics at the aromat ic carbon and at the 
saturated carbon of the methoxy substituent (Chapter 1), point to the 
possibility of ether cleavage occurring in the methoxy compounds with 
hydroxide ,on. Methylthio substituents are less likely to give S 2 dis-
n 
placement at sulphur ~oltewicz and Sale, 1970; Burwell, 1954) and no 
evidence was found in the present study to indicate such a displacement 
having occurred. The experimental procedure adopted would not permit 
distinguishing between Sn2 displacement at aromatic carbon or ether 
cleavage by hydroxide ion,and extensive studies to determine the mode 
of displacement were consi dered unnecessary in view of the results of 
Zoltewi cz and Sale (1970) where ether cleavage was not favoured with 2-
and 4-methoxypyridines. 
A comparison of the reacti vity of methylthio and iodo substituted 
pyridine , quinoline , and isoquinoline methosalts with hydroxide ion 
is given ,n Table 3.6. Two features are prominent in this comparison: 
the small variations in the reactivity ratio SMe/I for the 2- and 4-
positions in the pyridinium and quinolinium compounds,and the anomalously 
high ratio found for the I-position of the isoquinoline methiodides . The 
first feature was also observed in comparisons of the reactivity of 
methylthio- with chloro- and bromo-pyridine and quinoline methosalts , 
and suggests that the mobilities of these four leaving groups are affected 
si milarly by positional changes and by annela ion. In the unquaternised 
ring systems , the reactivi ty ratios of methylsulphinyl/chloro and 
methylsulphonyl/chloro compounds ran ge from 33 to 130 in both cases, for 
the 2- and 4-positions of pyridine (at 110°) and quinoline (at 60°) with 
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methoxide ion 1n methanol (Barlin and Brown, 1967a,1968; Liveris and 
Miller, 1963; Belli, Illuminati, and Marino, 1963). The higher reactivity 
of the I-position of_ isoquinoline compared with the 2-position of qu1no-
line has not been observed for chloro and methy lsulphonyl leavin g groups 
in the unquaternised molecules for their reactions with ethoxide ion, 
piperidine , or methoxide ion (they had similar reactivities); but for 
the methylsulphinyl leaving group, the I-position of isoquinoline was ca. 
9 times more reactive than the 2 position of quinoline. Further,the 
similar reactivities of 1-iodoisoquinoline and 2-iodoquinoline as well 
as those of their methiod ides towards hyd roxide ion at 115° and 20° 
respectively suggest that the anomaly was peculiar to a methylthio 
substituent at the I-position of isoquinoline. The higher reactivity of 
1-methylthioisoquinoline methiodide compared with 2-methylthioquinoline 
methiodide towards hydroxide ion, is associated with a significantly lower 
energy of activation (cf. the iodo-analogues) and not with any increase 
in frequency factor. Similarly the greater reactivity of 1-methyl-
sulphinylisoquinoline compared with 2-methylsulphinylquinoline towards 
methoxide ion in methanol,was associated with a decrease in the energy 
of activation term only. 
The reactivi ty difference(~. 3.4 x 106) between 4-methylsulphonyl-
and 4-methylthio-pyridine methiodides with hydroxide ion at 20° (Table 3.3) 
was greater than that found generally for methylsulphonyl- and methylthio-
heteroaromatics in the uncharged systems (Barlin and Brown, 1968). This 
greater reactivity difference in the salts was associated predominantly 
-1) l with an energy of activation change (ca. 8.1 kcal mole ; and was probab y 
due to an enhanced weakening of the S-C4 bond by the powerful electron 
withdrawal of the methylsulphonyl group in the cation,and to the ease of 
displacement of this group in the transition state. 
TABLE 3.6 
Comparison of the reactivity of methylthio- and iodo-
substituted pyridine , quinoline , and isoquinoline 
methosalts with hydroxide ion at 20°c 
Ring system 
Position of 
substituent 
Ra tio of rate coefficients 
SMe/I compounds 
Pyridine 2- 3.30 X 10-2 
4- 1.10 X 10-2 
Quinoline 2- 2.68 X 10-2 
4- 2.60 X 10-2 
Isoquinoline 1- 1.75 X 10+1 
Amino substituents are poor leaving groups and as such have been 
neglected . The only quantitative studies related to the ring systems 
examined in this thesis, involve the quantitative studies on alkaline 
hydrolysis in pyrimidines (Kalatzis, 1969; Munoz, 
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1969). The results of the reactions studied in the present work between 
2- and 4-amino-, methylamino- , and dimethylamino-pyridine methosalts and 
SM-sodium hydroxide are given in Tables 3.2 and 3.3. 
The 4-amino-, methylamino-, and dimethylamino-pyridinium salts 
showed similar reactivity towards hydroxide ion, the amino compound 
being slightly the more reactive. Evidence from studies of pKa values 
which relate to the reacting species is not conclusive. Brown and 
Harper (1965) reported a pKa value of 13.25±0.03 for 1-methyl-2-amino-
pyridinium iodide as an acid (3C ~30),which was lpKa unit higher than 
an earlier reported value of Angyal and Angyal (1952) who also gave a 
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somewhat similar pKa value for the 4-isomer (pKa:12.5). The pKa values 
of l,2-dihydro-2-imino-1-methylpyrimidine and I,4-dihydro-4-imino-l-
methylpyrimidine are 10.75 and 12.22 respectively (Brown, Hoerger, and 
Mason, 1955). This evidence together with si ilar u.v. spectra being 
obtained for 4-aminopyridine methiodide at pH7.0 and in SM-sodium hydroxide, 
suggested that these amino compounds reacted in a similar form and predom-
inan tl y as their cations (the only form in which 4-dimethylaminopyridine 
methiodide can exist). All attempts to follow the reactions between 4-
amino-, methylamino-, and dimethylamino-pyridine methiodides and 0.05M-· 
sodium hydroxide at elevated temperatures (~._g_. 150°) in sealed glass 
tubes, failed to give rate coefficients free from significant downward 
trends with ti me . In each case ~-methyl-4-pyridone was formed in high 
yields (95% +), as indicated by the u.v. spectra of the reaction mixtures 
at t in pH7.0 buffer and strong acid. 
co 
~ -H+ 
+/,1/ 
N 
I 
Me 
(3C) I 
NH 
(30) 
2-Amino- and 2-methylamino-pyridine methiodides shoved similar 
reactivities 1n 5t -sodium hydroxide, but these differed significant ly 
from that of 2-dimethylaminopyridine methiodi de,which had a hig he r re-
activity at 20° (ca. 1.5 x 103 times) and must of necessity react as its 
cation. The reactivity of the 2-dimethylamino compound was also higher 
than that of its 4-isomer. This difference was consistent with, but 
greater than, the higher reactivity of 2-substituted pyridinium salts. 
The lower reactivity of 2-amino- and 2-methylamino-pyridine methiodides 
compared to the 2-dimethylamino compound may be due either to a lower 
concentration of cationic species in the reaction mixture,and/or the 
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reactions involving the neutral species. Evidence for some contribution 
by an ionization process was obtained from an examination of the u.v. 
spectrum of 2- aminopyri dine methiodide at pH7.0 (Amax 231 and 300 nm) and 
in SM-sodium hydroxide (Amax 250 and 332 nm);but 2-aminopyridine methiodide 
and 0.05M-sodium hydroxide at 113.5° gave a rate coefficient ca. 4 times 
greater than that calcul ated from the resu lts in Table 3.3. 
The calculated frequency factors for 2-amino- and 2-dimethylamino-
pyridine methiodides were~- 3 and 2 units less than for other 2-substit-
uted pyridine meth iodides ,and contrast with the log A values (al l of 
similar magnitude) shown by the 4 substituted pyridine methiodides. The 
lower value of log A fo r 2-ami nopyridine methiodide may be due to the 
reaction involving the neutral species but the possibility of multiple 
reacting species can not be excluded. 
1-Methyl-2-pipe ri dinopyridinium iodide and 5.0M-sodium hydroxide 
( -4 -1 -1) at ca. 20° gave a rate coefficient k:ca. 10 1 mol s of the same 
order as 2-dimethylaminopyridine methiodide with 5.0M-sodium hydroxide 
also at 20° . 
3.3 Positiona l Effects 
A compari son of the reactivities of 2-, 3- and 4-methoxypyridine 
methiodides with hydroxide ion at 20° revealed rate ratios of 5.80 x 106: 
5 7 6 1:1.52 x 10 , and this compares with ratios of 4.89 x 10 :1:1.62 x 10 
for the reactions of chloro-il_-methylpyridinium salts with methoxide ion 
in methanol at 50° (Liveris and Miller, 1958). Patton (1961) reported 
smaller positional differences for the hydrolysis of 2-, 3-, and 4-
cyanopyridine methosal ts at 25. 2°. 
The differences in energies of activation and frequency factors 
between 2- and 4-substituted-ii_-methyl pyrid inium salts for reaction with 
hydroxide ion at 20° are compared in Table 3.7. In every case the 2-
TABLE 3.7 
Comparison of reactivity cf 2- and 4-substituted 
!i-methyl-pyridinium and-quinolinium salts with 
hydroxide ion at 20°c. 
Substituent 
Fl uoro 
Chloro 
Bromo 
Iodo 
Methoxy 
Methylthio 
Amino 
Dimethyl amino 
Cyano 
Iodo 
Methylthio 
Ratio of rate coefficients 
2:4 isomers 
Pyridinium salts 
3.79 X 102:1 
1.16 X 102:1 
7.69 X 101:1 
4.35 X 101:1 
3.82 X 101:1 
1.30 X 102:1 
2.84 X 10°:1 
8.55 X 103: 1 ~ 
2.81 X 101:1 
Quinolinium salts 
1.44 X 10 3:1 
1.49 X 10 3:1 
a May be anomalous - see Chapter 3.2. 
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isomer (the more reactive isomer), had a lower energy of activation and 
a higher frequency factor, except for 2-fluoro- and 2-dimethylamino-
pyridinium salts in which decreases in the frequency factors were offset 
by large decreases in the energies of activation (Table 3.8). This order 
of positional reactivity contrasts sharply with that of the unquaternised 
heteroaromatics where the 4-position is invariably more reactive (Chapter 
1). The amino compounds have been discussed previously and the quinolinium 
compounds are discussed ,n the section headed "Annelation Effects 11 • A 
plot of the differences ,n the energies of activation (oE) versus 
differences in frequency factors (o log A) of some 2-substituted ii_-methyl-
pyridinium salts and their 4-isomers (Table 3.8) is given in Figure 3.1. 
The halogeno compounds satisfy a linear relationship: 
oE = Xolog A+ Y 
-1 
where X = 1.8 and Y = -3.0 kcal mole 
and the methoxy, methylthio, and cyano compounds approximate this 
relationship. The interpretation of such relationships are still unclear 
(Exner, 1973; Leffler, 1955), but the indication is that, although the 
position of a quaternary nitrogen to the leaving group 1s most significant, 
it is apparently not the only factor in the free energy changes for 
reactions at the 2- and 4-positions of substituted pyridine methosalts. 
Reactions of 4-substituted pyridine methosalts (contrast with 4-substituted 
quinoline methosalts) with hydroxide ion in water gave similar frequency 
factors for different leaving groups. Such reaction series with constant 
entropy (log A) are controlled by enthalpy (E) changes only and have 
usually been interpreted in terms of electronic effects, which do not 
affect the form of the transition state, but only bond strengths (from 
Exner, 1973). A plot of log k20 o and energy of activation versus Taft's 
a 1 inductive parameter, a measure of polar effects (Ehrenson, Brownlee 
and Taft, 1973), for the 4-substituted pyridine methosalts (and their 
0.0 
-1.0 
-2.0 
-3.0 
-4.0 
TABLE 3.8 
Differences in the energies of activation and 
frequency factors for 2- and 4-substituted 
ii-methyl pyridinium salts. 
Substituent oE(kcal mole- 1) 
Fluoro -4.5 
Chloro -2.2 
Bromo -1.3 
Iodo 0.0 
Methoxy -0.5 
Methylthio -1.3 
Cyano -0.5 
Di methy l amino -6.4 
FIGURE 3.1 
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olog 10 A 
-0.8 
+0.4 
+1. 0 
+1.7 
+1.2 
+1.2 
+1.1 
-0.8 
Plot of differences between the energies of activation (oE) and frequency 
factors for 2- and 4-substituted li-methylpyridinium salts. 
I 
C 
S e 
Br 
Cl 
F 
-5.0L__ _ _______ -L-. _________ _.__ _______ _, 
-1.0 0.0 o log A +1.0 +2.0 
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2-isomers) (Figures 3.2, 3. 3) gave a crude correlation between Taft's a1 
parameter and the energy of activation of the 4-substi~uted compounds. 
It appears that polar (electronic) properties of the leaving group for 4-
substituted pyridine methosalts have a significant influence on the 
reactivity of the substrates to hydroxide ion in water, but the situation 
for the 2-isomers was more complicated. 
3-Methylsulphonylpyridine failed to react with 5M-sodium hydroxide 
at 149° for 52 h. Assuming that 1% reaction could have taken place, an 
upper limit of 4 x 10 9 1 mol-l s-l can be placed on the rate coefficient. 
Thus 4-methylsulphonylpyridine is greater than 3 x 106 times more reactive 
than the 3-isomer . 
3. 4 Annelation Effects 
5,6-(and 4 ,5-) Annelation to the pyridinium salts, increased their 
reactivity towards hydroxide ion at 20° . Thus the quinoline methiodides 
with substituents at the 2- and 4-positions were 228-281 and 8-40 times 
more reactive than the corresponding pyridine methiodides respectively. 
This agrees with the pattern observed for unquaternised compounds, where 
the alpha position to the aza group is affected most on 5,6- or 4,5-
annelation . 
The higher reactivity of the quinolinium compounds was associated 
with lower energies of activation (except for the 4-methoxy compound 
where it as the same) and higher log A values (except for the 4-chloro 
compound) (Table 3.9) and may be contrasted with generally lower frequency 
factors observed for annelation of the unquaternised compounds (Barlin and 
Brown, 1967a,1968). A plot (Figure 3. 4) of incremental changes (Table 3.9) 
in the energy of activation versus those of the frequency factors on 
5,6-annelation to the 4-substituted pyridine methosalts gave an approx-
mate ly l inear relationship . It appears that annelation is predominantly 
63 
FI GURE 3.2 
Plot of th e rate coefficients at 20 ° against Taft's a1 inductive parameters 
for 2- and 4-substituted pyridine methosalts. 
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FIGURE 3.3 
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Plot of energies of activation against Taft's o 1 inductive parameters for 
2- and 4-substituted pyridine methosalts 
26 
22 
w 
18 NMe 2 
14 
I r 
~ Br 
Cl 
Cl 
v 2-Isomer 
4-Isomer 
10 L_ ___ _i_ ___ __J ______ __L_ __ _-1. __________ _ 
0.0 0. 2 0.4 0 . 6 
SO ·e 2 
TABLE 3.9 
Reactivity ratios at 20° and incremental changes in the 
energies of activation and frequency factors for 5,6-
and 4,5-annelation to 2- and 4-substituted pyridinium 
salts to form quinolinium and isoquinolinium salts. 
Substituent 
2-Iodo 
2-Methylthio 
4-Chloro 
4-Iodo 
4-Methylthio 
4-Methoxy 
1-Iodo 
1-Methylthio 
Rate ratio 
bicycle/monocycle 
5,6-Annelation 
281 
228 
8.57 
8.45 
19.9 
39.5 
4,5-Annelation 
228 
121,000 
oE(kcal mole- 1) 
-2.8 
-1.5 
-1.8 
-0.6 
-0.5 
0.0 
-4.5 
-8.0 
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clog A 
+0.4 
+1.2 
-0.4 
+0.6 
+ 1. 0 
+l. 6 
-1.0 
-0.9 
w 
'O 
FIGURE 3.4 
Plot of incremental changes intheenergiesofactivation and frequency 
factors on 5,6-annelation to 4-substituted pyridine methosalts. 
0.0 OMe 
-1.0 
-2.0 L-.. _______ _L_ ______ ~--------' 
-1. 0 0.0 +1 .0 +2.0 
cS log A 
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affected by linea r properties (~._g_. polar effect) of the substituents, 
when situated para to the quaternary nitrogen. There were insufficient 
results for a similar study at the alpha position. 
In the isoquinoline methiodides, the reactivity increase for 4,5-
annelation (228 and 121,000 times for the iodo- and methylthio- compounds 
respectively)was accompanied by significantly lower energies of activation 
and lower log A values than the corresponding 2-substituted pyridinium 
compounds. Negative frequency factor changes usually accompany large 
decreases in the energy of activation (Exner, 1973; Leffler, 1955). The 
anomalous behaviour of 1-methylthioisoquinoline methiodide has been dis-
cussed earlier, but it appears from the results in Table 3.9, that the 
anomaly is predominantly reflected in the energy of activation. The 
decrease in log A (ca. 1 unit) for both isoqui no linium compounds was 
possibly a steric effect. 
3.5 Unsuccessful Kinetic Studies 
Detailed kinetics of the reactions of 3-methylthio- and 3-bromo-ii-
methylpyridinium iodides could not be determined because reaction with an 
excess of hydroxide ion (0.05M) gave partial conversion (50-70%) only to 
3-hydroxypyridine methiodide (as shown by the u.v. absorption maxima at 
320 nm). Approximate rate coefficients (l mol-l s- 1) determined for 3-
bromo- and 3-methylthio-pyridine 
-3 and 2 x 10 at 150° respectively. 
-3 0 
methosalts were 3.2 x 10 at 122 . 5 
The calcu1ated rate coefficients 
(from E and log A) for 4-bromo- and 4-methylthiopyridine methiodides at 
0 0 -1 -1 · 1 122.5° and 150°,were 9.8 x 10 and 1.1 x 10 1 mol s respective Y, 
and the approximate reactivity ratio of the 4-:3-isomer for these meth-
iodides, were ca. 3 x 104:1 and 2 x 103:1 respectively (cf. Chapter 3.3). 
3-Aminopyridine methiodide did not react with 0.05M sodium hydroxide 
at 148° for 18 h, but with SM-sodium hydroxide at 175° for 21.5 h, it 
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underwent change to give a u.v. spectrum wh ich differed from those of 3-
hydroxypyridine and its methiodide at pH2.0 and 7.0. 
3-Nitro- and 3-me thyl su lphonyl- pyr idine methiodides underwent 
reaction v1ith 0.001 M and O. l M-sodium hydroxide respectively at ca . 50°, 
but the u.v. spectrum of the resulting mixtures differed significantly 
from 3-hydroxy-_!!-methylpyridinium iodide. The reac tion between 3-nitro-
pyridine methiodide and hydroxide 10n was followed by u.v. and n.m.r. 
experi me nts and appeared to occur in t wo stages. The first stage (stage 
1) was instantaneous (even at 0°) and reversible on addition of acid . 
The second stage (stage 2) was slower, gave isosbes tic points in the u.v. 
spectral traces with time (suggesting a clean trans ition from one compound 
to another), and a half life of approxi mate ly 24 min at 47.6°. The u.v. 
and n.m.r. data are given in Table 3.10. 
Several studi es have appeared on 1,4- addition (and 1,2- and 1,6-
addition) of nucleophiles (~-~- cyanide ion) to 3-s ubs tituted- pyridinium 
salts (Diekmann, Englert, and \>Jallenfels, 1964; Severin, et al., 
1969; Foster and Fyfe, 1969; Lindquist and Cordes, 1968) and pseudo-base 
formation at the 1-position of 4-nitroisoquinoline meth iodide in buffered 
aqueous solution (Bunting and Mea threl, 1973). Some of their results and 
the u.v. in water of 2- and 4-hydroxy-3-n i tropyridine and 1-methyl-5-
nitropyrid-2-one are included in Table 3.11. 
From the u.v. and n.m.r . evidence it appears likely that addition 
of hydroxide 10n to 3-nitropyridine methiodide may have occurred during 
stage 1, and was perhaps followed by ring opening during stage 2, as the 
final product does not resemble any of the three likely displacement 
products. 
A product, isolated from the reac t ion between 3-methylsulphonyl-
pyridine methiodide and hydro xide ion, had an analysis and 1 Hn.m.r. 
spectrum consistent with that of either of the isomers (3E) or (3F) . 
This may indicate that, unlike 3-nitropyrid ine methiodide, attack at an 
TABLE 3.10 
U.v. and 'Hn.m.r. spectral results for the reaction between 3-nitropyridine 
methiodide (3-NPMeI) and hydroxide ion in water (or o2o) 
U. v., >.max (nm) [log E ] a 'Hn.m.r., chemical shift (o)-
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3-NPMeI 
Stage 1 
Stage 2 
pH7.0; 234, 269, 274 + 10.0m (H-2), 9.3-9.5 (H-4, 6), H.3-8.6 (H-5), 4.6 (MeN) 
C b 
ca. pH13; 226, 280, 405 [4.18]- 6.8d (lH), 5.8-5.6m (2H's), 3.5 (MeN)-
b 
ca. pH13; 228, 321, 386 [4.33]-
b 
6N-HC1; 271 [4.30]-
'Ring' protons not discernible, 3.1 (MeN) 
~ Relative to tetramethylsilane as internal standard; d, doublet; m, multiplet . Q. Approximate value 
assuming complete conversion in each stage. .£. Three ring protons only were discernible. 
3-Nitropyridine 
d 
1-Me-6=0-
e 
1-Me-4-piperidino-1,4-H2-
e 
1-Me-l ,4-H2 -
e 
l,4-Me2-l,2-H2-
TABLE 3.11 
U.v. and 1 Hn.m.r. spectral data for 3-nitropyridines 
a 
Solvent- >.max (nm) (log€ ) 
pH5.0 257 (3.40), 362 (3.85) 
pH4.0 224.5 (4.22), 249 (3.90), 
257, (3.81), 326 (3.54) 
pH13 ~215 (-), 233 (-), 349 (-) 
CHC1 3 400 (4.13) 
Me0H? 435 (4.01) 
Me0H 255 (3.89), 520 (3.98) 
{ 
b 
'Hn.m.r., chemical shift (o)-
7.75d (H-2), 5.78 (H-6), 5.2m (H-5), 
3.43d (H-4), - (MeN) 
6.58d (H-6), 4.67d (H-5), 4.58 
(H-2), 3.0ls (MeN), 2.40s (Me-4) 
a Substrate present as neutral species. Q. Severin, Lerche, and Batz, 1969, solvent not stated; 
d, doublet; m, multiplet; s, singlet. .£. Barlin, 1964. £ Current work and sample kindly supplied 
by Dr. G. B. Barlin. ~ Severin, tl tl- {1969). 
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unsubstituted ring position was most likely followed by displacement of 
an hydride ion. 0 
N 0 
I 
(3E) Me (3F) 
It was not possible to study the reactions of 3-bromo-, 3-
methylthio-, 5-methoxy-, and 8-methoxy quinoline methosalts with 
hydroxide ion because the u.v. spectra of the reaction products differed 
from those of the expected hydroxy compounds (Mason, 1957). Each of 
the above methosalts in aqueous solution with hydroxide ion gave a faint 
white precipitate within several minutes and u.v. spectral chan ges during 
several hours at 20°. 
The reaction mixture of 3-bromoquino line methiodide and hydroxide 
ions gave after 74 min at 20° (parti al rea ction) a u.v. spectrum (Amax 
ca. 280 and 330 nm) which appeared similar to that reported by Cooksey 
and Johnson (1968) for 3-bromo-1,2-dihydro-2-hydroxy-1-methylquinoline 
in 4N-sodium hydroxide (Amax 270 and 337 nm); but when the reaction mixture 
was heated at 127° for 8.5 hit gave a weak u.v. absorption maxima at ca. 
388 nm which may correspond in part to that of 3-hydroxyquinoline 
methiodide (Mason, 1957, pHlO, Amax 384 nm). 
Cooksey and Johnson (1968) have also studied pseudo-base formation 
(at the 2-position) from 5-, 6-, and 8-substituted quinoline methosalts 
at room temperature and in alkaline solutions. 
3.6 Ionic Strenqth Effects 
The effect of chan ges in ionic strength of the reagents on the 
rate of reaction was investi gated for 4-chloro- and 4-iodo-quinoline 
methiodides with hydroxide ion in water. Results for 4-chloroquinoline 
0.50 
0.25 
0 .125 
0.050 
0.025 
TABLE 3.12 
Variations in the rate coeffici ent for reactions of 
4-chlo roqu inoline meth iodide with different 
hydroxide ion concentrations. 
/µ log k 
0.707 0.0764 -1.117 
0.500 0. 103 -0.987 
0.354 0.128 -0.893 
0.224 0.151 -0.820 
0.158 0.195 -0.758 
0.0050 0.071 0 .199 -0.701 
0.0050 0.071 0.193 -0.714 
FIGURE 3.5 
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Plot of ionic strength against rate coefficient at 28° for the reaction 
of 4-chloroquinoline meth iodi de with hydroxide ion. 
0.7 
0.6 
0.5 
0.3 
0.2 
0.1 
o.o L--------'--------1------___i._------' 
-0.7 -0.8 
-1.0 -1. 1 
methiodide and hydroxide 10n at 28.0° are shown in Table 3.12 and other 
results in Table 3. 2. 
The plot of log k against/µ (µ is the ionic strength) (Figure 
3.5),was found to give a straight line obeying the relationship, 
log k =-2a/µ + log k0, 1n which a 1s a constant and k0 is the rate 
coefficient at zero ionic strength (infinite dilution) (Hine, 1956). 
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Although the effect of an increase in hydroxide ion concentration 
was to decrease the rate coefficients, the Arrhenius parameters derived 
therefrom at constant ionic strength were found not to vary significantly. 
This was found to be the case when the hydroxide ion concentration was 
varied by 50 fold (from 0.005 to 0.25M) in reactions with 4-iodoquinoline 
methiodide,and 2 fold (from 0.125 to 0.25M) in reactions with 4-chloro-
quinoline methiodide . 
CHAPTER 4 
KINETICS OF REACTIONS WITH PIPERIDINE 
IN ETHANOL AND WATER 
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Kinetic studies of reactions between quaternised heterocycles and 
piperidine in ethanol or water have not been attempted previously. 
However for the uncharged heterocycles, most of the published kinetic 
data have been for reactions with piperidine (neat or in alcohol) or 
alkoxide ion (in alcohol). 
In this chapter are presented some quantitative results for 
piperidino-dehalogenation of halogeno-pyridine and -quinoline metho-
salts in both ethanol and water. The results for the reactions 1n 
ethanol permitted a comparison with published data for the uncharged 
heterocycles with piperidine in alcohol; and the results for t he reactions 
in water enabled a compa rison with those in ethanol and also for the same 
substrates in their reactions with hydroxide ion in water (Cha pter 3). 
Qualitative studies of piperidinolysis in water with several methoxy-
and methylthio-substituted pyridine and quinoline methos alts follow, 
and provide additional comparisons of the mobilities of seve ra l leaving 
groups towards piperidinolysis and hydrolysis in water. 
The ethanol used in th e kinetic studies ('Merck ' > 99 .8%) showed 
negligible u.v. absorbance at wavelengths lon ge r than 260 nm and no 
absorption due to aromatic impurities such as benzene . Ethanolysis was 
found to be insi gnificant under the conditions required for the rate 
measurements, whereas methano lysis of 4-ch loropyridine methotetrafluoro-
borate occurred at room temperature during 3 h, resulting in a 20% 
decrease in the absorption maximum at A 269 nm. 
Aqueous solutions of piperidine are strongly basic but in the 
kinetic work described in this chapter , the nucleo phile was half -
neutralised with M-hydrochloric acid to mi ni mise hydrolysis and to buffer 
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the reaction mixtures. In the kinetic studies, concentrat ions of 
piperidine were adjusted, where necessary to give esse~ tial ly complete 
conversion to the piperidinolysis product. The rate coefficients of the 
piperidinolysis reactions were slightly affected by substantial increases 
in the concentration of piperidine (Table 4.6) and by variations in the 
ratio of piperidine cation to neutral piperidine in the reagent (Table 4.2), 
but in this work such variations were minimised. 
All the reactions were followed by observing the change in the u.v. 
spectrum of the reaction mixture, using the 'stopped-flow' rapid reaction 
technique. The reactions in ethanol and in water at t gave essenti ally 
(X) 
complete conversion to the piperidinolysis product. Isosbestic points 
observed in successive u.v. spectral scans of selected reaction mixtures, 
indicated that a smooth transition of reactant to product occurred. 
Rate coefficients were calculated using the equation (Chapter 7) 
which allowed for the consumption of 2 moles of reagent (Scheme 4.1) per 
mole of substrate; and the concentration of piperidine used in the rate 
expression was taken as that of the neutral species. 
I NC5H10 
~ + -
+ 2C 5H11 N + C5H12 NI +~ +~ N N 
I I I I Me Me 
SCHEME 4.1 
Typi ca 1 kinetic runs for piperidinolysis in ethano 1 and water (Table 4. 1) 
revealed that regular kinetics were observed from 10% to 90% reaction for 
each compound . All kinetic results for the piperidinolysis of some 
halogeno-pyridine, -quinoline and -isoquinolin e methosalts in 
alcohol or water are given in Table 4.2 together with determinations of 
t 1 values in typical cases. The standard deviation in the rate coefficient ~ 
was usually less than 3%. Arrhenius and transition-state parameters, 
calculated for the twelve reactions studied, are given in Table 4.3, 
together with the rate coefficients at 20° to facilitate comparison. 
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TABLE 4.1 
Some typical kinetic results for the reactions of halogeno-pyridine and -quinoline methosalts with: 
Time (s) 
Reaction (%) 
k(l mol-l s- 1) 
2.0 
10.9 
17.3 
Time (s) 2.4 
Reaction( %) 11.9 
k(l mol-l s- 1) 381 
Time (s) 4.7 
Reaction (%) 9.4 
lOk(l mol-l s- 1) 2.74 
Time (s) 
Reaction (%) 
k(l mol-l s- 1) 
Time (s) 
Reaction (%) 
k(l mol-l s- 1) 
1.8 
11.1 
1. 27 
0.4 
13 .1 
6.95 
3.7 
20.3 
17.9 
(i) Piperidine in ethanol 
4-Chloropyridine methotetrafluoroborate at 28.5° 
Piperidine 0.00339M; methosalt 0.0000224M 
5.5 
28.7 
18. 2 
7.7 
37.8 
18.3 
10.0 
45.8 
18.0 
12.4 
52.8 
17.9 
Mean k = 17.8±0.37 
15.6 
61.0 
17.9 
4-Chloroguinoline methiodide at 37.9° 
Piperidine 0.000143M; methosalt 0.0000124M 
19.7 
69.8 
18.0 
24.6 
77.0 
17.7 
29.4 38.2 
78.8 86.1 
4.7 
23.2 
400 
7.6 
34.4 
399 
9.7 
41. 7 
405 
11.8 
48.3 
412 
17.1 
60.3 
403 
20.6 
67.5 
411 404 401 
9.4 
18.5 
2.83 
Mean k = 402±9.0 
a 
(ii) Piperidine in water (half-neutralised)-
2-Iodopyridine methiodide at 38.4° 
Neutral piperidine 0.0766M; methosalt 0.000109M 
14.7 
26.9 
2.78 
20.6 
35.5 
2.78 
27.6 
44.1 
2.75 
Mean 10k = 2.76±0.03 
35.3 
52.4 
2.75 
45.3 
61. 6 
2.76 
4-Bromopyrid ine methotetrafluoroborate at 33 . 6° 
Neutral piperidine 0.0519M; methosalt 0.0000342M 
3.3 
20.0 
1. 29 
0.8 
25.4 
7.23 
4.9 
28.9 
1. 33 
6.9 
38.1 
1. 34 
9.7 
49.0 
1. 34 
12.8 
58.7 
·1.33 
Mean k = 1.31 ±0.03 
16.7 
68.4 
1. 33 
4-Iodoguinoline methiodide at 15.8° 
1. 2 
34.5 
6.97 
1. 7 
45.4 
7.04 
2.3 
56.6 
7.16 
3 .1 
67.9 
7.25 
Mean k = 7.08±0.11 
4.2 
78.4 
7.04 
57.1 70.6 
69. 7 77 .1 
2.74 2.73 
21. 7 28.6 
77. 6 85.1 
1. 33 1. 28 
5.8 
87.8 
7.03 
! The aqueous piperidine solutions were half-neutralised with N-hydrochloric acid. 
30.5 
83.4 
17.4 
41.4 
90.8 
17. 1 
88.2 117.fi 
84. 4 91. 2 
2.75 2.71 
37.4 
91. 7 
1. 28 
a 
Temp.-
(oC) 
43.1 
37.8 
28.5 
19.3 
19.5 
37.8 
28 .3 
19.3 
19 .3 
43.3 
42.9 
34.7 
24. 1 
23.8 
37.9 
37.9 
30.0 
20.8 
38.2 
38.2 
38.2 
28.9 
18 . 1 
TABLE 4.2 
Kinetic results for the reactions of halogeno-pyridine, -quinoline, 
and -isoquinoline methosalts with: 
104 105(Substrate ] 
[Piperidine 0 ] (M) (M) ( s) calc . 
( i ) Piperidine in .9. ethanol 
4-Chloropyridine methotetrafluoroborate 
33.3 2.20 42.6 
28.5 2.40 30.7 
33.9 2.24 17.8 
58.2 2.45 10. 2 11. 7 
29.1 2.45 10. 2 23.7 2.03 2.00 
4-Bromopyridine methotetrafluoroborate 
28.5 2.60 30.3 
28.8 2.63 16.3 
58.1 2.66 8.46 14.2 
29.1 2.66 8.39 28.7 2.02 2.00 
4-Iodopyridine methotetrafluoroborate 
35.5 2.34 8.58 
35.5 2.83 8.33 
35.9 2.66 5.01 
36.4 2. 74 2.41 
36.4 2.90 2.34 
4-Chloroguinoline methiodide 
2.85 2.48 387 7. 13 
1. 43 1. 24 402 13.7 1. 92 2.00 
2.87 2.51 270 
2.90 2.53 169 
4-Iodoquinoline methiodide 
2.85 2.47 104 26.5 
h 
-( i i ) Piperidine in water 
2-Chloropyridine methiodide 
512 10.0 2.07 6.56 
265 10.0 1. 98 13.3 1. 93 2.03 
517 10.1 1. 19 
523 10.2 0. 613 
Analyt. ). 
(nm) 
293 
293 
293 
293 
293 
293 
293 
293 
293 
293 
293 
293 
293 
293 
369 
369 
369 
369 
369 
330 
330 
330 
330 
75 
f 
a 
Temp. -
(oc) 
43.8 
33.6 
22.0 
56.4 
46.9 
38.4 
28.0 
39.0 
29.7 
19 . 9 
43.9 
33.6 
21. 3 
11. 5 
47.0 
47.0 
47.0 
38.2 
30.4 
22.7 
20.0 
17. 1 
14.5 
10.5 
10. 5 
104[pip. 0 ] 
(M) 
510 
514 
515 
760 
760 
766 
770 
549 
556 
560 
556 
519 
521 
521 
522 
261 
; 
906 
523 
525 
526 
259 
286 
259 
517 
259 
105(Substrate] 
(M) 
11. 7 
12.1 
12.2 
10.8 
10.8 
10.9 
10.9 
TABLE 4.2 Continued 
2-Bromopyridine methiodide 
2.30 
1. 26 
0.619 
2-Iodopyridine methiodide 
0.860 
0.486 
0.276 
0.139 
4-Chloropyridine methotetrafluoroborate 
3.29 2.51 
3.33 1. 40 
3.35 0. 728 
4-Bromopyridine methotetrafluoroborate 
2.93 3.05 
3.42 1. 31 
3.42 0.561 
2.96 0.259 
4-Iodopyridine methiodide 
2.65 1. 33 9.97 
2.65 1.26 21.1 
2.65 1. 24 
2.65 0.755 
2.66 0.457 
2.67 0.271 
4-Chloroguinoline methiodide 
2.27 22.5 
3.20 18.4 
2. 72 15.5 
2.57 11. 5 1. 16 
2.42 11. 8 2.26 
e 
t~t~ -
calc. 
2.12 2.00 
1. 95 2.00 
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f 
Analyt. ).-
(nm) 
330 
330 
330 
330 
330 
330 
330 
293 
293 
293 
293 
293 
293 
293 
293 
293 
293 
293 
293 
293 
367 
367 
367 
367 
367 
a 
Temp. 
(oc) 
34.1 
27.4 
20.5 
15.8 
4.6 
4.8 
21. 0 
20.0 
104[pip. 0 ] 
(M) 
256 
257 
257 
514 
293 
536 
96.3 
261 
105[Substrate] 
(M) 
1.12 
1. 31 
1. 32 
2.69 
4.33 
6. 72 
TABLE 4.2 Continued 
C 
( s) 
4-Iodoguinoline methiodide 
20.2 
14. 1 
9.67 
7.08 
2-Iodoguinoline methiodide 
47.7 0.50 
j_ 
1-Iodoisoguinoline methiodide 
8.84 1. 47 
k 
-
( i i i ) Piperidine in methanol 
4-Chloropyridine methotetrafluoroborate 
4.14 10.8 6.68 
( i V) Piperidine in 50o/ aqueous ethanol 
4-Chloropyridine methotetrafluoroborate 
3.43 1. 57 16. 
calc. 
l 
Analyt. >. 
(nm) 
367 
367 
367 
367 
375 
364 
293 
293 
f 
a +0.2°; The rapid reaction 'stopped-flow' technique was used and the reaction temperature was the bath 
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temperature. b Corrected for solvent expansion or contraction; standard deviation was usually within 
•3. ~ Time for 50 reaction. ~ The ratio of t 1 values for two serarate experiments at different 
2 
concentrations. ~ Calculated from the concentrations of reactants employed. f Spectrophotometric 
wavelength at which the reaction was followed. 
bottles was used. 
9. 'Merck' ethanol ( 99.8) from recently opened 
~ The concentrat~ons of piperidine used in calculations were those of the free base 
present in aqueous solutions which had been half-neutralised with N-hydrochloric acid unless otherwise 
specified. i - Aqueous piperidine solution 12.6 neutralised with N-hydrochloric acid. 
j_ The react 1 on 
product was not compared with authentic piperidino compound. 
opened bottles. 
k 
' erck' methanol ( 99.8 
l The piperidine reagent was half-neutralised with N-hydrochloric acid. 
from recently 
Compound 
TABLE 4.3 
Rate coefficients and Arrhenius parameters for reactions with piperidine 
in ethanol and in water. 
a 
k at 20°C 
b 
L'IH 
t p_ t Q_ 
- 1'1S 
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(l mol-l s- 1) (kcal mol-l) (cal deg-l mol- 1) 
Reactions in ethanol 
N-Methylpyridinium salt 
4-Chloro 1.06 X 101 11.0 9.2 10.4 18.4 
4-Bromo 8.88 X 10° 12.5 10.3 11. 9 13.4 
4-Iodo 1. 79 X 100 12.3 9.4 11. 7 17.5 
N-Methylguinolinium salt 
4-Chloro 2 8.8 1. 62 X 10 8.8 8.2 20.3 
Reactions i n water 
N-Methylpyridinium salt 
2-Chloro 6.92 X 10-1 11. 1 8. 1 10.5 23.5 
2-Bromo 5.34 X 10-
1 11. 3 8.2 10. 7 23. 1 
2-Iodo 7. 71 X 10-
2 12.8 8.4 12.2 22.2 
4-Chloro 7.33 X 10-1 11. 8 8.7 11. 2 
20.7 
4-Brnmo 5.31 X 10- l 13. 7 9.9 13. 1 15.2 
4-Iodo 2.24 X 10-1 12.2 8.4 11. 6 
22. 1 
N-Methylguinolinium salt 
4-Chloro 2.25 X 101 11. 3 9.8 10 . 7 
15.6 
4-Iodo 9.20 X 100 10. 1 8.5 9.5 
21. 6 
a Experimental result or calculated from the rate coefficient at a nearby temperature or from E and logA 
values. b Accurate to •1.0 kcal mol -l (Schaleger and Long, 1963). £ Accurate to ·0 .8 units 
(Schaleger and Long, 1963) . Q_ Accurate to •0.8 cal deg-l mol-l (Schaleger and Long, 1963). 
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4.1 Effects of Quaternisation on Reactivity 
Kinetic data (and derived Arrhenius parameters) for the reactions 
of quaternised (current work) and uncharged (Ill uminati , tl ~ -, 1967b and 
Okamoto, et al., 1960) heterocycles towards piperidine 1n various solvents 
given in Table 4.4; and some comparisons of reactivity 1n methanol, 
ethanol, and water at 20° and 100°, are presented in Table 4.5. The 
compa risons in Table 4.5 must be treated with caution as solvent effects 
may have been substantial (Illuminati, et~-, 1967b) . 
Quaternisation of 4-chloropyridine to give 4-chloropyridine 
methotetrafluoroborate increased its reactivity towards piperidine 1n 
methanol 8.5 x 108 times at 20.0°; cf.5.7 x 109 times for methoxy-
dechlorination 1n methanol at 50° (Liveris and Miller, 1958) and~-
2 x 106 ti mes for hydroxy-dechlorination in water at 144.6° (Table 3.5). 
Other rate ratios which involved different solvents and quoted in Table 
4.5 were also of this general order. 
The compa risons in Table 4.5 betwee n the rate coefficients for 
the reactions of 2-(and 4-)chloro-~-methylpyridinium, and 4-chloro-(and 
4-iodo-)~-me thylq uinolinium salts and their unquaternised analogues 
+ 
with piperidine in different protic solvents showed lower NMe:N ratios 
at 100° than at 20 ° . This was consis tent with the levelling effect of 
hi gher temperatures also observed by Bressan,et ~- (1971) in fluoro-
and chloro-substituent mobility studies. 
Variations in the values of E and log A quoted in Table 4.4 for 
quaternised heterocycles cannot be discussed because of uncertainties 
due to solvent effects. Results in Table 4.4 from the literature for 
reactions of uncharged heterocycles in different solvents and the current 
work for the reactions of 4-chloroquinoline methiodide with piperidine in 
water and ethanol revealed that at a given temperature the rate coefficients 
may be similar although E and log A values vary significantly. 
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TABLE 4.4 
Comparison of the reactions of quaternised with uncharged heteroaromatics towards piperidine 
a a 
AHt t k at 20°- k at 100°- E 1og10A -AS Compound Solvent (1 mol-l s- 1) (1 mol-l s-1) {kcal mol- 1) { kca 1 mo 1-l) (cal deg-l mol-1) 
b 
_Ptridine 
£ 
2-Chloro MeOH l.Bx 10-10 8.6 X 10-7 23.0 7.4 22.2 27.1 
EtOH 4.8 X 10-10 7.0 X 10-7 19.9 5.5 19.1 35.8 
C 
10-8 10-6 4-Chloro- MeOH 1. 3 X 6.7 X 17.0 4.8 16.3 38.9 
d 
1-Methtlpyridinium salC 
2-Chloro H20 6.9 X 10-l 4.0 X 10
1 11.1 8.1 10.5 23.5 
e 
101 5-Chloro MeOH- 1. 1 X 
EtOH 1.1 X 101 5.7 X 102 11.0 9.2 10.4 18.4 
H20 7.3 X 
10-l 6.2 X 101 11.8 8.7 11.2 20.7 
b 
Quinoline 
f 10-7 10-5 2-Chloro MeOH 1. 7 X 8.8 X 17.0 5.9 16.3 34.0 
EtOH 1.5 X 10-7 4.6 X 10-5 15.6 4.8 14.9 38.9 
.!l. f 10-7 10-5 4-Chloro MeOH- 1.8 X 3.2 X 14.0 3.7 13.4 44 .0 
h 
10-8 10-5 95% EtOH- 3.6 X 3.9 X 17 .1 5.3 16.3 37.0 
h 10-8 10-5 70% EtOH- 1.4 X 2.1 X 21.4 8.1 20.6 24.0 
.!l. h 10-7 10-5 4-Iodo 95% EtOH 2.3 X 3.7 X 14.0 3.8 13.2 44 .0 
h 
10-8 10-5 70% EtOH- 5.4 X 3. 2 X 17.4 5.7 16.6 35.0 
d 
1-Methtlguinolinium salt 
4-Chloro EtOH 1. 6 X 102 4.4 X 103 8.8 8.8 8.2 20.3 
H20 2.3 X 
101 1.5 X 103 11.3 9.8 10 . 7 15.6 
i 
4-Iodo EtOH 1.0 X 102 -
H20 9.2 X 10° 3.9 X 
102 10 .1 8.5 9.5 21.6 
! Rate coefficient at 20° or 100" unless otherwise stated; experimental result or calculated from activation energy and 
frequency factor or from a nearby temperature. b Literature value or calculated from data contained therein. £ Coppens, 
et !1_. (1963). d Current work . !;. At 21.0°. !.. 111uminati, et !1_. (1967). .!l. Okamoto, et !1_. (1960) . 
!)_ Aqueous ethanol . .!. At 38.2°. 
TABLE 4.5 
Comparison of rate coefficients (l mol-l s- 1) for the 
reactions of 2- (and 4-)chloropyridine and 4-chloro-
+ 
and4-iodo-quinolinemethosalts (NMe) and their 
unquaternised analogues (N) with piperidine in 
various solvents. 
+ a 
Compound Solvent for reaction Ratio NMe :N at 
2-Chloropyridine 
4-Chloropyridine 
4-Chloroquinoline 
4-Iodoquinoline 
+ NMe 
H20 
MeOH 
EtOH 
H20 
EtOH 
H20 
EtOH 
H20 
EtOH 
H20 
N 
MeOH 
MeOH 
MeOH 
MeOH 
MeOH 
MeOH 
95% EtOH 
70% EtOH 
95% EtOH 
70% EtOH 
a See Table 4.4 for rate coefficients. 
20°c 100°c 
3.8 X 109 4.7 X 107 
8.5 X 108 
8.5 X 108 8.5 X 107 
5.6 X 107 9.3 X 106 
8.9 X 108 1.4 X 108 
1.3 X 108 4.7 X 107 
4.4 X 10 9 1. 1 X 108 
1.6 X 109 7. 1 X 107 
4.3 X 108 
1.7 X 108 1.2 X 107 
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4.2 Leaving Group Effect 
The halogeno mobility order for reactions with piperidine in 
ethanol and water at 20 ° was chloro ~ bromo > iodo, the same as that 
observed for reactions with hydroxide ion in water (Chapter 3); however 
the rate coeffici ents at 20° varied within a factor of ten fold. The 
chloro:iodo rate coeffici ent ratios for piperidinolysis of the methosalts 
(kc1/k 1, solvent ) were: 2-halogeno pyr idine (9.0; wa ter), 4-halogeno-
pyridine (3.3 and 5.9; water and ethanol, respectively), and 4-halogeno-
quinoline (2.4 and 3.7; water and ethanol, res pect ively). These may be 
compared with 8.0, 3.0, and 3.0 respectively for the reactions wi th 
hydroxide ion in water. The change of solvent an d/or nucleo phile had a 
sma ll effect on the halogeno mobility ratios and this was consistent 
with the polarity of the substituent predominating in control of 
SnAr2 displacemen ts of halogeno substituents from these sal ts . 
Approxi mate rate coefficients for the reactions of 4-methoxy- and 
4-methylthio-pyridine (and quinoline) methosalts with piperidine 1n 
water (half-neutralised) at ca. 20° are given in Table 4.6 together with 
results for the piperidinolysis of the 4-chloro-analogues and the hydrolysis 
of each compound in water. The most striking feature emerging from Table 
4.6 was the 6-7 fold hi gher reactivity of 4-methylthioquinoline methiodide 
compared with its met hoxy analogue towards piperidine at ca. 20°; this 
contrasts with the lower reactivity of 4-methylthiopyridine methiodide 
compared with its 4-methoxy ana l ogue under the same conditions . Towards 
hydrolysis at 20°, both methoxy compounds were more reactive than their 
methylthio-analog ue s. The chloro compounds were from 3.9 x 103 to 2.6 x 104 
times more reactive than their methoxy- and methylthio-analogues towards 
piperid ine in water at ca. 20°; this stands in contrast to the smaller 
differences (1.7 x 10° to 2.7 x 102) observed on hydrolysis in water at 20°. 
TABLE 4.6 
Rate coefficients (1 mol-l s- 1) for the reactions of 
4-chloro-, methoxy-, and methylthio-pyridine and -quinoline 
a 
methosalts with piperidine in water- or hydroxide ion in 
water (Chapter 3). 
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Piperidine 
in water 
Relative rate Hydroxide ion Relative rate 
Compound ratios to in water 
b C 
k at ca. 20° chloro compound k at 20° 
ratios to 
chloro compound 
Ptridine methosalt 
d 
10-3 4-Chloro 7.33 X -1- 1 5.96 X 10 1 
e 
103 10-4 10° 4-Methoxy 9.7 -5- 7.6 X 7.59 X 7.7 X X 10 
4-Methylthio 4 X 10 -5~,i 1.8 X 104 2.21 X 10-5 2.7 X 102 
Quinoline methiodide 
d 
X 10-2 4-Chloro 2.25 X 10l- 1 5.11 1 
4-Methoxy 8.6 X 10 
_4.9. 
2.6 X 104 3.00 X 10-2 1.7 X 10° 
4-Methylthio 5.8 X 10 -3~'!:!. 3.9 X 103 4.39 X 10-4 1.2 X 102 
a 0.5M-Piperidine in water, half-neutralised with -hydrochlo ric acid. 
b Reaction was followed in a constant temperature room unless otherwise 
stated. c Results taken from Chapter 3. .s!. Results taken from 
Table 4.3. ~ Rate coefficient for 10-90% reaction; reaction observed 
to go to completion. i Rate coefficient at 43.1° was ca. 2 x 10-4 
l mol-l s- 1. .9. Reaction proceeded to 90% conversion only to the 
piperidinolysis product. !:!. Rate coefficient for 0.104M-piperidine 
in water (50% neutralised) was 2.4 x 10-3 1 mol - 1 s- 1 at ca. 20°. 
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4.3 Positional Effects 
In Chapter 3, comparisons of the reactivity of 2- and 4-substituted 
Ji-methylpyridinium salts with hydroxide ion at 20° revealed that the 2-
isomer was the more reactive by 38 to 330 times and was associated with 
a lower energy of activation and a higher frequency factor(> ca. 1 unit). 
This contrasted with the reactivities of 2- and 4-chloropyridines with 
alkoxide ion and piperidine, in which the 4-isomer was the more reactive 
(Chapter 1 and Table 4.4) in each case, and was associated with lower E 
and log A values for the 4-isomers. 
The reactions between 2- and 4-halogeno (chloro, bromo , and iodq) 
pyridine methosalts and piperidine in water gave rate coefficients at 20° 
which revealed the 4-isomer as the more reactive. Thus the positional 
reactivity order, 4-:2-isomer was 1.1:1, 1.0:1, and 2.9:1 for the chloro, 
bromo, and iodo substituents respectively and was reflected in fractionally 
larger E and log A values for the 4-isomers (except for the 4-iodo 
compound where a lower E was observed). These results contrast with the 
results described above for hydroxide ion, and those of Liveris and 
Miller (1963) for methoxy- and para-nitrophenoxy-dechlorinations of 
chloropyridine methosalts where lower E and log A values were observed 
for the 4-isomers. The lower frequency factors observed for piperidinolysis 
at the 2-position of the halogenopyridine methosalts may be due to a 
steric hindrance effect to approach of the nucleophile to the alpha 
position (j_.~. alpha to the quaternary nitrogen) of the ring by the N-
methyl grouping. Hydrogen bonding to a quaternary nitrogen is negligible 
(Shepherd and Fedrick, 1965 p. 191) and the steric hindrance observed at 
the alpha position of the uncharged heterocycles from salvation of the 
aza group (Shepherd and Fedrick, 1965, p. 189) would not account for the 
lower frequency factors of the 2-substituted pyridine methosalts . 
Of 2- and 4-iodoquinoline methiodides, the 2-isomer was 13 times 
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more reactive than the 4-isomer towards piperidine in water at 4.6°. This 
was much less than the difference observed for their reactions with 
hydroxide ion in water (Chapter 3), in which the 2-isomer was 1440 times 
more reactive than the 4-isomer at 20°. The unquaternised 2- and 4-
chloroquinolines showed the same reactivity to piperidine in methanol at 
20° (Table 4.4). 
The effect of quaternisation was greater enhancement of reactivity 
of the 2-substituted compounds over that of their 4-isomers (compared 
with the unquaternised compounds) in their reactions with piperidine. 
However the enhancement was not as large as that observed for the anionic 
nucleophile, hydroxide ion, where a stronger electrostatic attraction 
operates to favour the 2-isomer. 
2-Iodoquinoline methi odide was 5.4 times more reactive than 1-
iodoisoquinoline methiodide towards piperidine in water at 4.7°. This 
may be compa red with a 1-2 fold difference for reaction with hydroxide 
,on 1n water at 20°. The 1-position of isoquinoline methiodide is more 
sterically crowded than the 2-position of quinoline methiodide and this 
may be responsible for its lower reactivity towards the larger nucleophile. 
1-Methylthioisoquinoline methiodide with 0.44M-piperidine in 
water (5% neutralised) at ca. 20° immediately showed a u.v. absorbance 
at Amax 324 nm due to hydrolysis and a weak absorption at 364 nm which 
may correspond to less than 5% piperidinolysis. However 2-methylthio -
quinoline methiodide with 0.44M-piperidine in water (5% neutralised) at 
ca.20° immediately on mixing gave mostly the piperidinolysis product. 
It appears that piperidinolysis (unlike hydro1ysis) occurs at a faster 
rate with 2-methylthioquinoline methiodide than with 1-methylthioiso-
quinoline methiodide at room temperature. 
The reactions of 2-methoxy- and 2-methylthio-pyridine methiod ides 
with piperidine 1n water and of 2-chloro- and 2-iodo-pyridine methiodides 
with piperidine 1n ethanol at ca. 20~ failed~ give the 1-methyl-2-
--
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piperidinopyridinium salt as the only product. In the reactions with 
piperidine in water, 2-methoxy- and 2-methylthio-pyridine methiodides 
(10-4M) and aqueous piperidine (0.106 and 0.5M respectively; 50% neutral-
ised) at room temperature both gave a product (Amax 298-299 nm, log E 
ca. 3.78) having a u.v. spectrum similar to that reported by Mason (1959) 
for 1-methyl-2-pyridone (Amax 297 nm; log E 3.79), and each conversion 
gave good isosbestic points. A rate coefficient calculated for this 
reaction of 2-methylthiopyridine methiodide with piperidine in water at 
43.1° was similar to that obtained for the hydrolysis of the methiodide 
(Chapter 3). Reaction with 0.44M-p iperidine (5% neutralised) also gave 
the hydrolysis product only. These results further illustrate the greater 
reactivity of 2-substituted pyridinium salts tov1a rds anionic nucleophiles 
and the greater difference in reactivity between methylthio (and methoxy) 
substituted 1-methylpyridinium salts and the corresponding halogeno 
compounds towards piperidine than in their reactions with hydroxide ,on 
,n water. 
In the reactions with piperidine in ethanol, 2-iodopyridine 
methiodide (l0-4M) and aqueous piperidine (10- 3 - 10-1M) at room temper-
ature gave mixtures having u.v. absorption maxima at 330 and 283 nm (the 
E at 330 nm increas ed slightly with increasing piperidine concentration). 
max 
The maximum at 330 nm corresponded to ca. 34% piperidinolysis and the 
second maximum at 283 nm may correspond to 2-ethoxypyridine methiodide ; 
(the u.v. spectrum of 2-methoxypyridine methiodide at pH7 . 0 has a maximum 
at 281 nm and absorbance similar to that calculated for 66% ethanolysis 
of 2-iodopyridine methiodide). 2-Iodopyridine methiodide in ethanol 
solution alone showed no u.v. spectral change during 3 days at 45°, but 
1n the presence of the strongly basic piperidine, ethanolysis (j_.~. attack 
by ethoxide ion) may become significant; (the rate of methoxy-dechlorination 
1n methanol was 90 times greater than the rate of piperidino-dechlorination 
of 4-chloropyridine methiodide in ethanol at 50° and methoxy-dechlorination 
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of the 2-chloro-isomer occurred 30 times faster than its 4-isomer at 50°). 
4.4 Annelation Effects 
5,6- (and 4,5-) Annelation of a benzene ring to some 2- and 4-
substituted li_-methylpyridinium salts increased their reactivity towards 
piperidine in water and ethanol. The enhancement of reactivity at 20° 
(Table 4.7) was greater than that observed previously for reaction with 
hydroxide ,on in water but 4-methoxyquinoline methiodide was an exception. 
TABLE 4.7 
Reactivity ratios for 5,6- and 4,5-benzannelation to 2- and 
4-substituted pyridinium salts to form quinolinium and 
isoquinolinium salts 1n their reactions with piperidine or 
hydroxide ion at 20° unless otherwise stated. 
Substituent Reactivity ratio bicycle/monocycle 
2-Iodo 
4-Chloro 
4-Iodo 
4-Methoxy 
4-Methylthio 
1-Iodo 
a At 4.6°C. b 
Piperidine 
in EtOH 
5,6-Annelation 
15.3 
b 
17.8-
4,5-Annelation 
Piperidine 
a 
-2240 
30.7 
41.1 
C 
-8.9 
C 
-145 
d 
407 
At 38.2°C. c At ca. 20°. 
Hydroxide ,on 
281 
8.6 
8.5 
39.5 
19.9 
228 
d At 4.8° . 
The effect of 5,6-annelation to 2-iodopyridine methiodide on the 
rate of reaction with piperidine 1n water was 54.6 times greater than 
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that observed for 5,6-annelation to its 4-isomer,and compares with a 33-
fold difference for reactions with hydroxide ion. 5,6-Annel ation to 2-
and 4-chloropyridines to give 2- and 4-chloroquinolines enhanced the 
reactivity at the alpha position by 72 and 39 times for reactions with 
piperidine in methanol, and ethoxide ion in ethanol at 20° respectively 
(Ill uminati and Marino, 1963a; Chapman and Russell-Hill, 1956). Comparable 
reactivity changes on 5,6-annelation to quaternised and unquaternised 
monosubstituted azines for reactions with different nucleophilic systems 
(nucleophile and solvent) suggests that the annelation effects were-
independent of the quaternary grouping. Incremental changes in the 
energies of activation and frequency factors for the above reactions given 
in Table 4.8 show convincingly that the greater enhancement observed at 
the alpha position was essentially due to a decrease in the energy of 
act i vat i on term i n each case; ( t he var i at i on i n a 1 o g A v a 1 u es ref 1 e ct 
salvation effects , in particular for the unquaternised azines; Sh epherd 
and Fedrick, 1965 p. 188). The observed changes could be due to loss of 
some resonance energy in the transition states of the 4-substituted 
compounds relative to those of the 2-isomers and/or grea t er stability 
(through more stable structural configurations for the puckered hetero-
cyclic ring) in the transi t ion s t ates of t he 2-s ubst i tuted compo unds . 
The lower reactivity ratio for 4,5-annel ati on to 2-i odopyridine 
methiodide to give 1-iodoisoquinoline methiodide compared to that obse rved 
for 5,6-annelation was probably due to greater steric hindrance to t he 
approach of the piperidine molecule. The ratio for reactions wi t h 
hydroxi de ion showed only slight variations. 5,6-Annelation to substituted 
pyridine methiodides increased their reactivi y towards piperidine to a 
greater extent at the alpha position and this was si milar for reactions 
with hydroxide ion (Chapter 3) and reactions of unquaternised heterocycles 
with nucleophiles. 
TABLE 4.8 
Incremental changes 1n the energies of activation (oE) and 
frequency factors (olog A) for 5,6-annelation to 2- and 4-
substituted pyridine and ii_-methylpyridinium salts to form the 
quinolines and ii_-methylquinolinium analogues respectively. 
Substituent oE(kcal mole- 1) olog A 
a 
Reaction of guaternised salts with hydroxide ,on ,n water-
2-Iodo 
4-Iodo 
-2.8 
-0.6 
+0.4 
+0.6 
b 
Reaction of unquaternised az,nes with ethoxide ,on 1n ethanol 
2-Chloro 
4-Chloro 
-3.7 
-0.5 
-0.3 
+0.45 
C 
Reaction of unguaternised az,nes with piperidine 1n methanol 
2-Chloro 
4-Chloro 
-6.0 
-3.0 
-1.5 
-1.1 
a Chapter 3. b Chapman and Russell-Hill (1956). 
c Table 4.4 and references therein. 
4.5 ucleophile and Solvent Effects 
In this section the greater reactivity of the halogeno-pyridine 
and-quinoline methosalts towards piperidine ,s contrasted with their 
reactivities towards hydroxide ion in water. ucleophilicity has been 
89 
90 
discussed after quaternisation, l eaving group, positional, and annelation 
effects to emphasise the importance (and subtlety) of the structure of 
the substrate on its reactivity towards a common nucleophile. Specific 
interactions between the substrate and the nucl eoph ile, as affecting 
reactivity, have often been incorrectly interpreted as reactivity factors 
inherent to the substrate; but direct comparisons of nucleophilicities 
have often attributed these reactivity factors to the substrate or 
nucleophile. Some reactivity factors relating specifically to the sub-
strate have been discussed in Chapter 3 and earlier parts of this Chapter. 
The 2-halogenopyridine methiodides had comparable reactivities 
towards both piperidine and hydroxide ion in water; but the reactions with 
piperidine had significantly lower energies of activation by 4.0 to 4.9 
kcal mole- 1 and lower frequency factors by 2.9 to 3.4 units. In the 
unquaternised compounds, 2-chloropyridine was 5 times more reactive 
towards ethoxide ion compared to piperidine in ethanol, but the reaction 
with piperidine in ethanol had a lower energy of activation by 6.9 
kcal mole- 1 and a frequency factor lower by 3.7 units. The lower E and 
log A values associated with reactions involving piperidine have been 
ascribed to electron repulsion between occupied lone-pair orbitals of the 
nucleophil e and the n-electron system (see Shephe rd and Fedrick, 1965 
p. 177). A second factor in reactions with piperidine is the deproton-
ation of the first formed intermediate (Scheme 4.2) to give a neutral (or 
negat ively charged intermed iate with unquaternised compounds) which may 
be more favourable to elimination of the leaving group. 
The 4-halogenopyridine methiodides were significantly more 
reactive (by 110 to 122 times) towards piperidine than towards ethoxide 
ion at 20° on account of the significantly lower energies of activation 
(3.7 to 5.4 kcal mole- 1) being compensated by lower frequency factors 
(0.7 to 1.9 units). The reactivity difference between the 2- and 4-
isomers reflects the greater reactivity of substituents at the 2-position 
-
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to anionic nucleophiles. The smaller differences in log A values for the 
4-substituted compounds (cf. their 2-isomers) reflects the activating 
effect of a quaternary group on the attack by hydroxide ion at the alpha 
position. 
4-Chloro- and 4-iodo-quinoline methiodides were 440 and 540 times 
respectively more reactive towards piperidine than hydroxide ion and this 
was associated with lower energies of activation (by 4.1 and 6.3 kcal mole- 1) 
and frequency factors (by 0.4 and 2.0 units). 
Comparisons of the reactivity of 4-halogeno-pyridine and -quino-
line methosalts towards piperidine ,n water and in ethanol revealed 
that the reactions in ethanol proceeded more readily. In the pyridinium 
salts the reactions in ethanol were 8.0 to 17 times faster at 20° and had 
( -1) generally lower energies of activation by Oto 1.2 kcal mole and 
higher frequency factors (0.4 to 1.0 units). In the quinolinium salts, 
4-chloroquinoline methiodide was 7.2 times more reactive in ethanol at 
( 
-1 20° E and log A values were lower by 2.5 kcal mole and 1.0 units 
respectively) and 4-iodoquinoline methiodide was 4 times more reactive at 
38.2° towards piperidine in ethanol than in water. The reactivity of 4-
chloropyridine methotetrafluoroborate towards piperidine in ethanol was 
similar to its reactivity with piperidine in methanol at ca. 20°,and its 
reaction in 50% aqueous ethanol was 2 times greater than for reaction 
1n water alone. 
In Scheme 4.2 is proposed a mechanism for piperidinolysis of 
quaternised heterocycles . The protic equilibrium between the cationic 
intermediate complex (4A) and the neutral intermediate complex (4B) would 
be subject to pH changes of the reaction medium . Species (4B) may 
proceed more readily to the products through an internal rearrangement 
as illustrated by the curved arrows, while species (4A) is expected to 
require a synchronous loss of a proton to a nearby basic molecule or 
group, and the elimination of an iodide anion is to give in this case I-methyl 
I 
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4-piperidinopyridinium iodide. The observed greater reactivity of 
piperidine in ethanol could be due to the position of the equilibrium 
(4A~48) or to the greater solvation of these intermediates (especially 
the neutral intermediate , 48) in ethanol. 
I 
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+~ 
N 
I r-
Me 
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CHAPTER 5 
QUALITATIVE STUDIES ON TH E REACTIO NS OF SUBSTITUTED 
DIAZINE METHIODIDES WITH NUCLEOPHILES 
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The work described 1n this chapter records the results from a 
preliminary investigation only, of some interesting reactions of substi-
tuted diazine methiodides with nucleophiles. Accordingly they should be 
viewed within this ccn-t:ext . 
The study of the reactions of substituted pyridine , quinoline1 
and isoquinoline, methosalts towards hydroxide ion and piperidine , 
described in previous chapters) was extended to monocyclic diazine 
methiodides containing the aza group at the alpha , beta , and gamma 
positions to the quaternary nitrogen. Compounds studied, included 2- and 
4-methylthiopyrimidine methiodides, l,2-dihydro-1,3-dimethyl-2-oxopyri midinium 
iodide, 3-chloro- (and 3-methylthio-)pyridazine methiodides,and 2-methylthio-
pyrazine methiodide. The incorporation of the aza function was expected 
to enhance the reactivity of the substrate to nucleophilic displac ement, 
although all published data on such enhancement have been in unqu aternised 
heterocycles (Chapman and Russell-Hill, 1956; Barlin and Brown, 1967a, 1968). 
U.v. spectral studies of the reaction of 2-methylthiopyri midine 
methiodide with hydroxide ion showed that dis placement occurred t o give 
l-methyl-2-pyrimidone, but the reaction followed a two step process ; t he 
first step was instantaneous at ro om tempe rature,and t he secon d step 
appeared to follow second-order kinetics,although t he calcul ated ra t e 
coefficients decreased with increased hydroxide ion concentration (th e 
decrease being greater than that expected for ionic st ren gth cha nges 
alone). The interaction betwee n 2-me t hylthiopyri midi ne me t hiodide and 
hydroxide ion appeared consistent with the fo rmation of a Meisen he i mer-
type (sigma) complex (~._g_. 5B) in the reaction mixture. 
The interaction of electron-deficient aromatics (~._g_. nitro and 
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aza activated systems) with nucleophiles may result in covalently bonded 
sigma complexes; and such complexes have been widely observed in hetero-
aromatic chemistry. 
A characteristic feature of these interactions is the conversion 
of a sp2-hybridised aromatic carbon to a sp3-hybridised carbon and the 
associated loss of aromaticity of the ring. Such ~ma complexes include 
those from covalent hydration (Albert and Armarego, 1965) and amination 
(Zoltewicz, Oestreich, O'Halloran, and Helmick, 1973) of N-heteroaromatics, 
nucleophilic additions to uncharged nitro and aza activated N-heterocycles 
(Strauss 1970; Zoltewicz and Helmick, 1972; Rys, Schmitz, and Zollinger, 
1971; Terrier, et al., 1972), and from nucleophilic additions to quaternary 
heterocycles (Chapter l; Bunting and Meathel, 1972, 1973). 
As the hydrolysis of 2-methylthiopyrimidine methiodide did not 
follow simple second-order kinetics, the emphasis in this work with 
quaternised diazines was a qualitative screening (mainly by u.v. and 
'Hn.m.r. spectroscopy) of the reactions of these quaternised diazines 
towards several nucleophiles which included hydroxide ion in water and 
alkoxide ion, piperidine and morpholine in alcohol at room temperature. 
In only two cases was the end product of the reaction isolated and 
I 
characterised, otherwise the evidence was from u.v. and Hn.m.r. spectral 
data. 
5.1 Reaction of 2-Methylthiopyrimidine Methiodide with Hydroxide 
Ion in Water 
The reaction between 2-methylthiopyrimidine methiodide and 
hydroxide ion proceeded by at least two steps (as shown by two distinct 
u.v. spectral changes) to give a quantitative conversion to l-methyl-2-
pyrimidinone at the completion of the second step (the u.v. spectra at 
pH7.0 and in ca. O.lM-hydrochloric acid were identical with those 
observed for 1-methyl-2-pyrimidinone at pH6.0 and pH0.3 respectively; 
Brown, et~-, 1955). 1-Methyl-2-pyrimidinone was also isolated and 
characterised from the reaction mixture at the compl etion of the second 
step. 2-Methylthiopyrimidine methiodide in water alone showed no u.v. 
spectral change after 4.5h at 43 .5° or 1 day at room temperature. 
The first step involved a fast reaction (t1 < ca . 0.7s at 15° in ~ -
0.05M-sodium hydroxide) for which rate coefficients could not be 
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determined accurately . The u.v. spectrum of the reaction mixture at the 
first step showed large proportional increases in the absorbance in the 
region 285-333nm with increases in the hydroxide ion concentration. That 
at 303 and 330 nm i ncreased by 250% and 430% respectively for an increase 
in hydrox ide ion concentration from 0.0005M to 0.25M and the u.v . 
'maxi mum' was between 316 and 333 nm. In 0.0005M-sodium hydroxide the 
product(s) of the first step were not observed by u.v. spectroscopy. 
The rate of the second step was slower, and was determined at 
several t emperatures and hydroxide 10n concentrations using the rapid 
reaction apparatus. Second-order rate coefficients calculated for 10% 
to 90% reaction are given in Table 5.1 (the standard deviation was less 
than 3%). The wavelength employed for these rate measurements was 333 nm, 
but similar rate coefficients were obtained for measurements at 285 , 303, 
313, 316 nm for the reactions at 28.1°. (The rate coefficients calculated 
for a first order rate expression for 0.005 and 0. 05t -sodium hydroxide 
-1) at 28 . 1° were both O.Olls . 2-t ethylthiopyrimidine methochloride with 
hydroxide ion behaved in an analogous manner . 
The 'Hn.m.r. spectrum of the reaction mixture of 2-methylthio-
pyrimidine meth iodide (0 .04g) and sodium deuteroxide (~. 1. 1 ) in 0. 6 ml 
deuterium oxide after 20-llOs showed two sets of signals due to the 
methyl groups which with time decreased at the same rate to give signals 
corresponding to the liberated methylmercaptan anion and the I-methyl 
group of 1-methyl -2- pyrimidinone (Table 5.2) (1 -methyl -2-pyri midinone was 
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isolated in good yield from the reaction mixture of a parallel experi ment 
performed with undeuterated reagents). 
TABLE 5.1 
Calculated rate coefficients at 333nm (2nd order rate 
expression; 1 mol-l s- 1) for the reaction of 2-
methylthiopyrimidine methiodide with hydroxide ion in water. 
Temperature 
(OC) 
28.1 
36.0 
43.7 
Hydroxide ion concentration (M) 
0.0005 
7.75 
TABLE 5.2 
0.005 0.05 
Rate coefficients 
2.25 
4.24 
7.69 
0.214 
0.419 
0.806 
1 Hn.m.r. spectral results for the reaction of 2-
methylthiopyrimidine methiodide with sodium deuteroxide 
1n deuterium oxide. 
0.25 
0.0180 
Sample Chemical shift of methyl signals ( o)~ 
2-Methylthiopyrimidine methiodide 
Reaction mixture at 20-100 s 
Reaction mixture at 55 min 
1-Methyl-2-pyri midone 
+ 
2.85 (3H; MeS), 4.2 (3H; Me ) 
2.3 and 2.35 (3H), 2.95 and 3.15 (3H) 
-1.9 (3H; Mes), 3.6 (3H; e ) 
3. 6 ( Me ) 
a Relative to sodium 3-trimethylsilylpropane-1-sulphonate as internal 
standard. 
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To explain these observations, Schemes 5.1 and 5.2 are proposed 
as possible reaction pathways to l-methyl-2-pyrimidinone. The observed 
i ncrease in absorbance of the reaction mixture at the first step with an 
increase 1n hydroxide ion concentration may be due to a higher concen-
tration and ionization of the pseudo-base (5B) in Scheme 5.1; (Cooksey 
and Johnston, 1968; Bunting and Meathrel, 1972, give an ionization 
constant, pKa = 13 .0±0. 1, for the pseudo-base from l-methyl-3-nitro-
quino l inium salt in water)~or to a higher concentration of two of the 
species (5E , 5F, or 5B) in Scheme 5.2 (since attack by hydroxide ion may 
al so occur at positions C-4 and C-6 of the pyrimidine ring; Pitman, et 
~ -, 1970) . The two sets of methyl signals observed in the n.m.r. 
experiment could correspond to species (5B) and (SC) 1n Scheme 5. 1 or 
the s igma-complexes in Scheme 5.2 . 
5.2 Reaction of 2-Methylthiopyrimidine Methiodide with Alkoxide 
Ions i n Alcohol 
2-Methylthiopyrimidine methiodide (10 -4M) in methanol showed a 
gr adua l change (during several hours and showed isosbestic points) 1n 
its u.v. spectrum from a maximum at 311nm to give a product having a 
u.v. max i mum at 277nm (log E 3. 74) . The calculated pseudo first-order 
-4 -4 
rate coefficient for this reaction at 28.8° was 0.53 x 10 ±0. 03 x 10 
1 mol - l s- 1 for 7% to 80% reaction.[2-Methylthiopyri midine methiodide in 
ethanol showed a gradual change (for the initial 30% and had isosbestic 
poi nts) during several days in its u. v. absorption at 311nm to give a 
stronger one at~- 278nm (after addition of a 3 fold excess of ethoxide 
ion) . The pseudo first-order rate coefficient at 24.1° was ca. 
-6 -1 - 1 2 x 10 1 mo l s . ] 
2-Methylthiopyrimidine methiodide (10 -4 ) and methoxide ,on 1n 
methanol at room temperature reacted via a two step process in which the 
--
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first step was instantaneous and gave a product having a u.v. spectrum 
(Amax 277nm; logE ~- 3.74) apparently identical with that obtained ,n 
methanol alone and described above. The second step was slower (t1 , ca. ~ 
6 min at 22°; and a large excess of me thoxide ion), had two i sosbestic 
points, and gave an unidentified product having a u.v. spectrum with a 
maximum at 257-258nm (logE 3.66). The half-life of the second step was 
only slightly affected by large changes in the methoxide ion concentration 
(cf. 'Hn.m.r. experiment below); and less than 1 equivalent of methoxide 
10n gave initially a composite u.v. spectrum indicating unchanged 2-
methylthiopyrimidine methiodide and the product of the first step. [A 
sample of 2-methylthiopyrimidine methiodide in methanol which had been · 
allowed to stand for 1 day and was then added to an excess of methoxide 
ion gave immediately a product having a u.v. spectrum (Amax 258nm; logE 
3.75) identical with that obtained from 2-meth lthiopyri midine methiodide 
and excess methoxide ion after 40 min at room temperature.] 
The reaction between 2-methylthiopyrimidine methiodide and 
methoxide ion at higher concentrations was also observed by I Hn.m.r. 
spectroscopy; thus 2-methylthiopyrimidine methiodide (0.l M) and sodium 
deuterome thoxide (0.3M) in deuteromethanol (0.8 ml ) at ro om temperature 
was examined by taking several 1 Hn. m.r. scans during 45 min (Table 5.3) . 
A two step process was observed in which the first step was instantaneous 
and the second step was slower (t1 > 6 min) . ~ 
The first step in the reaction of 2-methylthiopyrimidine methiodide 
with sodium meth oxide probably involves the attack by methoxide ion at 
either the C-4 or C-6 position to give (5G) or (SH) res pect ivel y which 
then undergoes further reaction. The large upfie ld shifts of the ring 
protons at the first step (Table 5.3) and th e large cou pling (ethylenic) 
are consistent with attack by methoxide ion pri ncipally at C-4 and/or C-6, 
but this does not exclude the possibility of some attack also at C-2 
(SI) (insufficient to be detected by 1 Hn. m.r.). I In the Hn.m.r. spectrum 
--
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at the first step, the ii_-methyl and l-methyl resonances have been assigned 
to the signals at 3.2 and 2.40 respectively. The H-4,. H-5, and H-6 
proton resonances in (5G) or the H-6, H-5, and H-4 proton resonances in (5H) 
were assigned to the signals at 5.6, 4.8-5.1, and 6.950 respectively and 
their coupling constants assigned J45 (5G) = J56 (5H) = 4Hz and J56 (5G) = I > I 
J45 (5H) = 8Hz. Pitman,et tl- (1970) proposed an equilibrium mixture of 
' 
the C-4 and C-6 addition adducts formed from the attack of the bisulphite 
anion on 2-aminopyrimidine methiodide in water. 
TABLE 5.3 
'Hn.m.r. spectra of 2-methylthiopyrimidine methiodide and 
its reaction with sodium deuteromethoxide at room 
temperature in deuteromethanol. 
a Coupling 
Chemical Shifts ( 0 )-
Sample constants 
MeN Mes Ring protons 
(Hz) 
b d 
2-SMe Pyri mi dine Mel 4.25 2.95 7.95q (lH), 9.25-9.5m (2H) 6 
C d 
(lH), 9.2d (2H) 6 -2-SMe Pyrimidine Mel 4.05 2.80 7.85t 
{ 4.8-5.lm (lH), 5.6d (lH), e 
4,8 -Product of 1st step 3.2 2.4 
6. 95d (lH) 
{3.7s (lH), 5.6d (lH), f 
Product of 2nd step 3. 1 2.0 4,-
ca . 6.7m (lH) 
~ Tetramethylsilane as internal standard; q, quartet; m, multiplet; t, 
triplet; d, doublet; s, singlet. 
d e 
J45 = J55· 
I I 
Coupling to protons at 5.6 and 6.956 respectively. 
f A second coupling constant was not discernable. 
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The second step in the reaction between 2-methylthiopyrimidine 
methiodide and methoxide ion was associated with small upfield shifts of 
the 1 Hn.m.r. signals and appeared to be independent of methoxide ion 
concentration since the reactions at u.v. and n.m.r. concentrations had 
similar half lives. The u.v. spectrum also suffered a shift to shorter 
wavelengths. The ~-methyl signal in the 1 Hn.m.r. spectrum occurred where 
a methylmercaptam anion would be expected to appear and the occurrence of 
a sharp singlet at 3.7o is difficult to reconcile with a ring structure: 
possibly a ring opening reaction had occurred. 
The slow reaction between 2-methylthiopyrimidine methiodide and 
methanol alone could conceivably have also involved attack at either C-2, 
C-4, or C-6 by methanol to give an equilibrium mixture (~._g_. 5J ~ 5G), 
which quickly undergoes further reaction with added methoxide ion. 
5.3 Reaction of 2-Methylthiopyrimidine Methiodide with Piperidine 
and Morpholine in Ethanol 
The reactions of 2-methylthiopyrimidine methiodide (2 x 10-4M) 
with piperidine and morpholine (both in a large excess) in ethanol 
appeared to proceed via two steps to give, at the end of the second step, 
a product having a u.v. maximum at 315nm. 
The first step in the piperidinolysis was instantaneous (less 
than one equivalent of piperidine afforded a u.v. spectrum which appeared 
to be a composite of the methylthio compound and the product of th e f irst 
step),and gave a product having a u.v. spectrum (Amax 278nm; logE 3.81) 
apparently similar to that produced by the methylthio compound in 
methanol or ethanol . The reaction with morpholine in ethanol however 
required a large excess of this reagent(> 100 fold) to give a comparable 
u.v. spectrum of the reaction mixture at the first step. The first step 
was also instantaneous with excess piperidine. The first step may have 
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involved attack by ethoxide ion (at C-2, C-4, or C-6), present in the 
basic medium and the less basic morpholine required higher concentrations 
of this reagent to give an effective ethoxide ion concentration) or 
attack by piperidine or morpholine at the C-2, C-4, or C-6 positions of 
2-methylthiopyrimidine methiodide. [cf. The discussion of the hydrolysis 
reaction and Fyfe (1968) reported on the addition of diethylamine to 
3,5-dinitropyridine to give an adduct.] 
The second step involved a slow conversion (several hours for 
completion and gave isosbestic points) of the product from the first step 
to give a second product having a u.v. spectrum [\max 315nm; similar 1n 
wavelength to that reported by Brown and Harper (1963) for the cation of 
2-ethyl- (and -butyl)aminopyrimidine at pHl.O, \max 315nm]. The product 
of the second step may have been formed by displacement of the methylthio 
substituent by the amine reagent to give the 1-methyl-2-piperidinopyrimidinium 
salt and may be a thermodynamically controlled product (Pitman, et~-, 
1970). 
5.4 Reaction of 4-Methylthiopyrimidine Methiodide with Hydroxide 
Ion in vJater 
4-Methylthiopyrimidine methiodide (formed from 4-methylthio-
pyrimidine and methyl iodide) has been tentatively assigned the structure 
(5K) for the following reasons. Quaternisation of 4-me thylthio py r imidine 
increased the J 56 coupling by~- 2.4 Hz. Palmer an d Semp le (1 965) noted 
' that protonation of pyridines and quinolines increase their J23 couplings 
' 
by 1.0 and 1.5 Hz respectively and quaternisation of 2-methylthio-
pyrimidine increased its J 56 , J 45 couplings by ca. 1 Hz. A small meta 
' ') 
coupling (ca. 2 Hz) has also been observed in -oxides and some quaternary 
salts (Batterham, 1973). The large extinction coefficient 1n its u.v. 
spectrum was also similar to that found for the 4-substituted pyridine 
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methosalts (Chapter 6). 
-5 4-Methylthiopyrimidine methiodide (3 x 10 M; u.v. Amax 307nm, 
logE 4.30) and hydroxide ion (~. 10-3M) were observed to react at room 
temperature and give a product having a u.v. maximum at 250nm (peak 
height similar to the methylthio compound). The above reaction had two 
isosbestic points and a half-life of ca. 12 min. The u.v. spectra of 
the reaction mixture after it was buffered to pH7.0 (and in~- 2.7M-
hydrochloric acid) differed from those of 1-methyl-4- (and 6-)pyrimidinones 
(Brown, et tl·, 1955). 
The reaction was complete within 4 minutes at the higher concen-
trations required for the n.m.r. experiment (Table 5.5). Chloroform 
extraction of the reaction mixture gave an oil (partially soluble in 
water, but soluble in alkaline solution) whose chromatography on paper 
and 1 Hn.m.r. spectrum (in CDC1 3) were quite different from both 1-methyl-
4- (and 6-)pyri midinones. 4-Methylthiopyrimidine methiodide 1n water 
showed no u.v. spectral changes during 3 days at ca. 20°. 
5.5 Reaction of 4-Methylthiopyrimidine Methiodide with Alkoxide 
Ions and Amines in Alcohol 
4-Methylthiopyrimidine methiodide (10- 4M) in ethanol at room 
temperature for 1 day gave a product which analysed for ethoxypyrimidine 
methiodide or an isomer. The u.v. spectrum of this compound dissolved 
in ethanol had Amax 233-234, 244; logE 4.02, 3.98 (similar to the reaction 
mixture above). The transition involved one step, had two isosbestic 
-5 -1 -1 points, and a pseudo first-order rate constant of ca. 5 x 10 1 mol s 
at~- 20°; [Beak and Monroe (1969) give the u.v. spectrum of 1,4-dihydro-
1,3-dimethyl-4 -oxopyrimidinium tetrafluoroborate in methanol Amax 229 
(3.94) and 272nm (3.53)]. 
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TABLE 5.5 
I Hn.m.r. spectral results for the reaction between 
4-methylthiopyrimidine methiodide and deuteroxide ion 
Sample 
4-SMe Pyrimidine Mel 
Reaction product 
Chloroform extract 
a 
Chemical shift (o)- and coupling constants 
Solvent 
(Hz) 
+ 2.75 (3H; MeS), 4.2 (3H; MeN), 7.95d (lH; 
o2o { 5-H), 8.6q (lH; 6-H), 9.2m (lH; 2-H) 
J26 = 2, J56 = 8 
, ' 
{
1.9 (3H; MeS), 2.7 (3H, MeN), 7.4m (lH), 
D20/Na00 8.5s (lH) 
CDC1 3 
1.25s (lH), 2.ld (lH, J = 2), 2.7d 
(3H, J = 5), 2.95q (2H, J = 2, 5), 3.8s + 
4.0s (lH), 6.95 (3 singlets)Q_, 8.2 (2 
singlets )Q_ 
a d, doublet; q, quartet; m, multiplet; s, singlet. b Weak signals. 
4-Methylthiopyri midine methiodide (10 -4M) 1n methanol at room 
tempera ture was converted at a faster rate (than the reaction in ethanol) 
i n to a product ha v i n g a u . v . s p e ctr um s i mi 1 a r to that des c r i bed above . 
4-Methylthiopyri midine methiodide (3 .4 x 10-5 ) and methoxide ion (~. 
7 x 10- 5M) at room temperature gave a product having a u.v. spectrum 
(Amax 232, 246; logE3.89, 3.85) similar to the products above. The 
reaction had t wo isosbestic points and was co plete within 20 min (t1 ca. 
~-
1. 5 min) . 
4-Methylthiopyrimidine methiodide (10-4 1) in ethanol with an 
equivalen t of piperidine gave within 2 ha u.v. spectrum similar to that 
observed for the methiodide 1n ethanol alone ( max 233nm). The weak 
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absorbance at ca. 275nm after 19 h had increased by 300%. A larger 
excess of piperidine gave immediately a product having u.v. maxima at 
251 and 308nm (absorbance decreased by~- 60%), which then gave (within 
3 h) a second product having a u.v. maximum at 275nm ~ similar to that 
for the methylthio compound). 
A similar reaction occurred with rnorpholine, but required a larger 
excess of morpholine (103 fold) to give at the end of the second step 
(~. 30 min) a product having a maximum at 275nm (logE 4.26). The 
product having Amax at 275nm may correspond to 4-piperidino- (or 
morpholino-)pyrimidine methiodide. (The u.v. spectrum of the cation of 
4-dimethylaminopyrimidine in H2o has Amax 262nm and log€ 4.21; Brown and 
Short, 1953). 
5.6 The Reactions of Other Methiodides 
1. 1,2-Dihydro-1,3-dimethyl-2-oxopyrimidinium iodide with methoxide 
ion in methanol 
( -4) . This compound 10 M was stable 1n methanol at room temperature 
over 2 months. When excess methanolic sodium methoxide was added, the 
u.v. spectrum changed immediately from Amax 322nm (log€ 3.82) to Amax 
241nm (log€ 3.74). Less than one equivalent of methoxide ,on gave a 
stable solution (observed over 1 day) whose u.v. spectrum corres ponded 
to a composite of the dihydro compound and the reaction product above. 
This change was also studied by Hn.m.r. and the results are tabulated 
in Table 5.4. The large upfield shifts of all resonance signals may 
correspond to addition of methoxide ,on to the ring and loss of the 
positive charge in the ring. 
Scheme 5.3 is proposed to account for the observed u.v. and Hn.m.r. 
spectral changes in the reaction of l,2-dihydro-1,3-dimethyl-2-
oxopyrimidinium iodide with methoxide ion in methanol. The adduct (5M) 
I 
I 
I 
11 
11 
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was similar to that proposed by Katritzky, Kingsland, and Tee (1968a, b) 
for the pseudo-base (5N) in deuterium oxide. Only one adduct was formed 
since the C-4 and C-6 addition would give the same addition product (5N). 
The loss of aromaticity in the ring would account for the observed upfield 
shift in the I Hn.m.r. spectrum (and the larger coupling constant 
corresponds to the ethylenic coupling) and shift to shorter wavelengths 
in the electronic spectrum. 
Sample 
TABLE 5.4 
1 Hn.m.r. spectral results for the reaction between 
1,2-dihydro-1 ,3-di methyl-2-oxopyrimidinium iodide (5L) 
and sodium deuteromethoxide in deuteromethanol at 
5L 
5L~ 
near 20°. 
a 
Chemical shift (o)-
MeN Meo Ring Protons 
3.8 3.8 7.0t ( lH), 9.05d 
3.7 3.7 7 .1 t (lH), 9.15d 
4.95q ( lH) , 5.5d 
Reaction mixture at 20 m,n C C { 3.05- 3.15-
a Trimethylsilane as internal standard. 
c Tentative assignment. 
6.65d 
b 
(lH) 
(2H) 
(2H) 
( - ) ' 
Coupling 
Constant 
(Hz) 
6 
6 
5,8 
2. 3-Methylthiopyridazine methiodide with hydroxide ion 1n water 
3-Methylthiopyridazine methiodide (10-4M) and hydroxide ion (0. lM, M) 
reacted within 2 h at room temperature, to give u.v. spectral changes v1ith 
isosbestic areas (which were coincident with the u.v. trace of the 
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methylthio compound). The u.v. spectrum of the reaction mixture at the 
end of reaction (Amax 213, 265, and 306nm; and in 0.75M-hydrochloric acid, 
Amax 251-273, 281, 312, nm) was different from those reported for the 
neutral species and cation of 2-methyl-3-pyridazinone and the anhydro base 
of 3-hydroxy-1-methylpyridazinium hydroxide (Barlin and Young, 1971b), 
although 2-methyl-3-pyridazinone could account for part of the spectrum 
of the reaction mixture. At the higher concentrations required for the 
n.m.r. experiment, a white precipitate formed immediately on adding the 
sodium deuteroxide to the methylthio compound in deuterium oxide and 
t.l.c. (silica-ethanol or chloroform) of this mixture after 1 day's 
standing showed several spots. An aqueous (and ethanolic) solution -of 
3-methylthiopyridazine methiodide was stable during 4 days at room 
temperature. 
3. 3-Chloro-1-methylpyridazinium iodide with hydroxide 10n 1n water 
( -4 This compound 50; 2 x 10 M; Barlin and Young, 1971b) and 
hydroxide ion reacted at room temperature via a two step process, 
reminiscent of the hydrolysis of 2-methylthiopyrimidine methiodide. The 
first step was instantaneous and gave a product having Amax ca. 305nm. 
This product was observed only at the higher pH values when a large 
excess of hydroxide ion was employed ~._g_. O.OlM; and it may correspond 
to the ionization of a pseudo-base derived from the chloro compound) . 
The second step was slowe r and gave a product having u.v. max i ma at 241 
and 311nm which corresponded to~- 40-50% (for 0.0002M- to O.lM-hydroxide 
ion) conversion to 3-hydroxypyridazine methiodide (5P; Barlin and Young, 
197lb)gave a u.v. spectrum at pH5 .0 having a ma ximum at 309nm) . In the 
+ 
n.m.r. experiment 3-chloropyridazine methiodide [40mg; 4.78 ( e )] and 
sodium deuteroxide (~. 0.2M) gave immediately after mixing a colour 
change from yellow (the chloro compound) to colourless and then within 2 
seconds a light grey precipitate formed which was not investigated. 
However the aqueous phase gave an n.m.r. spectrum from .which could be 
discerned a sharp singlet at 4.2 6 and a multiplet at 7.3 6 (and may 
correspond to 3-hydroxypyridazine me thiodide). An aqueo us solution of 
the 3-chloro compound was stable at 41.5° during 2 days. 
OH 
c:: OH +~N +~N N~ N N SMe I I I 
Me Me Me 
(50) (5P) (SQ) 
4. 2-Methylthiopyrazine methiodide with hydroxide ion in water 
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( -4) ( -2 -3 This compound 5Q; 2 x 10 M and hydroxide ion ~- 10 , 10 M) 
reacted at room temperature to give a product having a u.v. spectrum 
(maxima at ca. 240nm and 328nm) somewhat different from that for l-methyl-
2-pyrazinone (pH7.0, Amax 223 and 323nm; Mason, 1957) and 3-hydroxy-1-
methylpyrazinium iodide was unknown. An aqueous solution of the methylthio 
compound showed no u.v. spectral change during 4 days at room temp erature. 
I 
I: 
II 
CHAPTER 6 
PHYSICAL PROPERTIES 
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This chapter contains tables of the u.v. and 
I Hn.m.r. spectra of 
the heterocycles and methosalts studied in this work and a short 
discussion thereon. 
6.1 U.v. Soectra 
The ultraviolet spectra of some substituted pyridine, quinoline, 
isoquinoline, pyrimidine, pyridazine, and pyrazine methosalts and neutral 
heterocycles in water and alcohol are recorded in Table 6.1. Typically, 
the halogeno compounds have electronic transitions which increase in 
energy (spectral maxima occur at decreasing wavelengths) in the order 
iodo < bromo < chloro < fluoro; and the methylthio compounds absorbed at 
longer wavelengths (lower energy) than the methoxy analogues. 3-Nitro-
and 3-methyl sul phonyl-pyri dine methi odi des have similar u. v. spectra at 
pH7.0 and resemble 3-bromopyridine methiodide. The quinolinium and 
isoquinolinium compounds absorb at longer wavelengths than their 
pyridinium analogues. 
Comparisons of the u.v. spectra of the substituted .ti-methyl-
pyridinium salts with their unquaternised analogues (Barlin and Brown, 
1967a; Brown and cDaniel, 1955; ason , 1957; Albert and Barlin, 1959); 
showed in the former bathochromic shifts which were of the order observed 
on protonation of the latter. These shifts ere greatest for the 
methylthio compounds (22-44 nm) and least for the fluoro, methylsulphonyl , 
and nitro compounds (3-6 nm); they were most ma rked for compounds with 
substituents at the 4-position, and increased in the series iodo > bromo > 
chloro > fluoro. Similarly the absorption maxima of the iodo-, methoxy-, 
and methylthio-quinoline and isoquinoline methiodides were at longer 
wavelengths (by 11-44 nm in the long wavelength region) than in the 
b 
Compound-
I-Methyl-
pyridinium 
e 
-2-F 
2-Cl 
2-Br 
e 
-2-I 
2-0Me 
2-SMe 
2-NH 2 
2-NHMe 
2-NMe2 
1 
-2-NC5H10 
3-Br 
3-I 
3-0Me 
3-SMe 
3-S02Me 
1_ 
3-N02 
k 3-0H -
1 
-4-Cl 
r-
TABLE 6.1 
a 
U.v. spectra 
C 
Species - >-max (nm) 
+ 263 
+ 213, 274 
+ 214, 277, 280 
f 
-
+ 230, 295 
+ 226, 281 
+ 210, 281 
+ 248, 315 
g_ 
+ 231, 300 
+ 242, 315.5 
h 
-
+ 253, 329 
+ 257, 330 
+ 224, 279 
+ 221, 239, 295 
+ 227, 289 
+ 231, 270, 330 
+ { <210, 258, 263, 268.5 
+ 234, 269, 274 
+ 249, 320 
{ 232, 254 , 260, + 266, 268 
+ { 233, 255, 261, 269.5 
logE: 
3.71 
3.66, 3.86 
3.66, 3.91, 3.90 
3.66, 3.94 
3.73, 3.79 
3.60, 3.87 
3.92, 3.97 
3.84, 3.76 
3.84, 3.81 
3.86, 3.81 
3.80, 3.76 
3.69, 3.64 
3.94, 3.76, 3.49 
3.67, 3.77 
4.02, 3. 96, 3.45 
>3.71, 3. 55, 3.64, 
3.55 
3.71, 3.65, 3. 59 
3.91, 3.76 
4.10, 3.56, 3. 65, 
3.52, 3.55 
4.05, 3.58, 3. 67, 
3.55 
111 
d 
Solvent-
7.0 
7.0 
7.0 
7.0 
7.0 
EtOH 
7.0 
7.0 
1.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
H20 
EtOH 
. 
b 
Compound-
1 
-4-Br 
4-0Me 
4-SMe 
4-S02Me 
4-NH2 
4-NMe 
4-NMe2 
4-NC5H10 
Pyridine 
3-S02Me 
k 1- e 2=0-
k 1-Me 4=0-
1-Methyl-
guinolinium 
2-I 
2-SMe 
2-NC5H10 
3-Br 
3-SMe 
-I 
TABLE 6.1 Continued 
C 
Species-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
0 
+ 
0 
0 
+ 
+ 
+ 
+ 
+ 
{ 
{ 
{ 
{ 
Amax (nm) 
246, 260, 269 
247, 261, 270 
242, 249 
232.5, 304 
213, 271, 277 
m 
-270 
m 
-212, 279 
m 
215, 288-
222, 293 
216.5, 293.5 
208, 255, 260, 
265 
260, 265 
226, 297 
260 
235, 253, 334, 
342 
238, 263, 266, 
349, 353 
259, 302, 360 
0 
-247, 329 
243, 256, 274, 
325, 385 
1 og E: 
4.13, 3.86, 3.61 
4.12, 3.86, 3.63 
4.13, 4.06 
3.94, 4.34 
3.83, 3.74, 3.63 
4.29 
4.09, 4.32 
4.00, 4.33 
4.26, 4.30 
3.84, 4.36 
3.87, 3.39, 3.41, 
3.30 
3.70, 3.64 
3.76, 3.79 
4.28 
4. 34, 4. 23, 4.16, 
4.23 
4.15, 4.18, 4.15, 
4.16, 4.15 
4.16, 3.72, 4 .10 
4.45, 3.81 
4.39, 4.38, 3. 96 ~ 
3.28, 3.69 
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d 
Solvent-
H20 
EtOH 
7.0 
7.0 
7.0 
1.0 
7.0 
7.0 
7.0 
EtOH 
7.0 
n 
-1.2 
6.0 
7.0 
7.0 
7.0 
7.0 
H20 
7.0 
---
b 
Compound 
4-Cl 
4-I 
4-0Me 
4-SMe 
4-NC5H10 
£ 
6-Cl 
8-Cl 
_g_ 
8-0Me 
Quinoline 
2-I 
4-1 
. 
TABLE 6.1 Continued 
C 
Species -
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
0 
+ 
0 
+ 
>-max (nm) 
237, 313, 319 
238, 314, 320 
240, 275, 323 
241, 282, 324 
231, 245, 305 
{ 238, 249, 321, 351 
{ 224, 240, 256.5, 
367.5 
{ 224, 241, 257, 
367.5 
241, 320 
247, 319, 330 
{ 257, 276, 312, 
323, 360 
{ 208, 233, 243, 
298,304,310, 
315, 324 
234, 250, 336 
{ 228, 296, 304, 
318 
238, 271, 319 
log 
4.66, 3.94, 3.94 
4.61, 3.93, 3.93 
4.62, 3.57, 4.07 
4.54, 3.62, 4.07 
4.72, 3.89, 3.95 
4.48, 4.03, 3.88, 
4.21 
4.49, 4.08, 4.02, 
4.31 
4.42, 4.06, 4.01, 
4.28 
4.59, 3.78 
4.55, 3.68, 3.54 
4.62, 3.07, 3.18, 
3.19, 3.36 
4.62, 4.35, 4.25, 
3.61, 3.63, 3.74, 
3.70, 3.84 
4.26, 4.19, 4. 15 
4.59, 3.84, 3.79, 
3.64 
4.62, 3.53, 4.02 
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d 
Solvent-
H20 
EtOH 
H20 
EtOH 
7.0 
7.0 
7.0 
EtOH 
H20 
7.0 
7.0 
7.0 
n 
-
-0.5 
7.0 
1.5 
-
1 
b 
Compound-
r 
-1-Me 2=0 
s 
-1-Me 4=0 
1-Methyl-
isoquinolinium I 
1-I 
1-SMe 
Isoquinoline 
1- I 
t 
-2-Me l=O 
TABLE 6.1 Continued 
C 
Species -
0 
0 
+ 
+ 
0 
+ 
0 
>.max (nm) 
{ 229, 246, 273, 
327, 338 
{ 213, 235, 324, 
337 
{ 233, 258, 291, 
342, 353 
{ 240, 281, 286, 
360 
{ 218, 276, 288, 
316, 325, 329 
{ 229, 256, 277, 
286, 340, 347 
{ 225-228, 245, 
277, 284, 318, 
324, 336 
log 
4.53, 4.00, 3.83, 
3.80, 3.66 
4.33, 4.36, 4.10, 
4.07 
4.58, 3.89, 3.59, 
3.81, 3.82 
4.57, 3.56, 3.59, 
3.81 
4.65, 3.74, 3.67, 
3.67, 3.68, 3.70 
4.58, 3.84, 3.74, 
3. 67, 3. 85, 3.86 
4.26, 3.88, 
3.84, 3.84, 3.59, 
3. 64, 3. 51 
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d 
Solvent-
7.0 
7.0 
7.0 
7.0 
7.0 
0.5 
H20 
• 
d 
Compound 
Pyrimidine 
methiodide 
2-SMe 
4-SMe 
TABLE 6.1 Continued 
C 
Species 
+ 
+ 
+ 
+ 
+ 
Amax (nm) 
254, 308-311 
254, 311 
254, 310 
220.5, 307 
220, 306 
1 og E: 
4.13, 3.67 
4.14, 3. 61 
4.06, 3.55 
3.64, 4.30 
3.60, 4.25 
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d 
Solvent-
7.0 
EtOH 
MeOH 
7.0 
EtOH 
1,2-H2-1,3-Me2 2=0 + 228-243, 322 3.06, 3.82 MeOH 
Pyridazine 
methiodide 
3-Cl 
3-SMe 
Pyrazi ne 
methiodide 
2-SMe 
+ 
+ 
+ 
+ 
266, 277 3.27, 3.02 H20 
225, 271, 336 3.96, 4.06, 2.97 H20 
- , 272, 333 - , 4.05, 2.97 EtOH 
240, 270, 364 3.81, 4.07, 3.67 
~ Shoulders and inflexions are underlined. Q_ The reference cell was 
compensated with iodide ions in the measurement of the spectrum of the 
C d 
methiodides . 0, Neutral species;+, cation. Figures refer to 
the pH or H0 values of buffered solutions. 
e Bradlow and Vanderwerf -
(1951) spectral for this compound in water. f Identical give curves -
spectrum in ethanol. R In SM-sodium hydroxide the absorption maxima 
were at 250 and 332 nm. h Identical spectrum in SM-sulphuric acid. 
.!_ The substituent -NC 5H10 refers to piperidino. _J_ Pfleiderer, 
-
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TABLE 6.1 Continued 
~ Mason (1959). l Measurement on the tetrafluro-etal. (1960). 
borate salt. m Identical max i ma in SM-sodium hydroxide. n - pH Values 
below O have been obtained in solutions of sulphuric acid to which Hammett 
acidity functions (Paul and Long, 1957) have been assigned. 0 Cooksey 
and Johnson (1968) give Amax 329 (3.81). Q Cooksey and Johnson (1968) 
also report the u.v. spectrum of this compound . .9.. Cooksey and Johnson 
(1968) give 256 (4.58) and 365 (3.32). !_ Mason (1957) also gives the 
u.v. spectrum at pH 7.0. ~ Tucker and Irvin (1951) also give the u.v. 
spectrum at pH 7.0. t Caswell, Young, Reid, Linn, Ryan, and Davidson 
(1970) give the u.v. spectrum in diluted hydrochloric acid and sodium 
hydroxide solutions. 
-I 
I!__ 
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corresponding unmethylated heterocycles (Albert and Barlin, 1959; Ewing 
and Steck, 1946) and similar to the monocations of the latter (except 
for 1-methylthioisoquinoline methiodide and the cation of 1-methylthio-
isoquinoline). 
The effect of solvent change, from water to alcohol, on the spectra 
of the compounds examined here, was slight. 
6.2 I Hn.m.r. Spectra 
The 1 Hn.m.r. spectra of substituted pyridine, quinoline, 
isoquinoline, pyrimidine, pyridazine, and pyrazine methosalts in D2? and 
the corresponding unmethylated hererocycles in CDC1 3 are given in Table 
6.2. I • The Hn.m.r. spectra were read directly from the spectral chart 
without allowance for concentration differences. Comparisons of the 
substituted pyridines, quinolines, and isoquinolines with their 
methiodides revealed significant downfield shifts on quaternisation 
(except for H-2 of 4-methylthioquinoline methiodide and some 4-substituted 
pyridine methiodides), the proton at the 2- and 6-positions being, in 
general, least affected. Protonation (or quaternisation) of pyridines 
led to greater displacement of the beta and gamma proton signals to lower 
field, whereas the alpha proton signal was shifted by only a small amount 
(Table 6.2 and Batterham, 1973). 
In the pyridines, quinolines, and isoquinolines the J 2,3 (or J 5,6) 
coupling constant increased by~- 1-2 Hz on i-methylation but the other 
ortho-coupling constants (~._g_. J3,4) were only slightly affected. Palmer 
and Semple (1965) also observed a specific protonation effect in which 
J2, 3 for the pyridines and quinolines and J3,4 for the isoquinolines 
increased by~ 1 Hz on protonation (all other coupling constants increased 
by 0±0.3 Hz). In the quaternised quinolines it was observed that 
J3,4 > J2, 3 and the meta- (~._g_. J2,6 in the pyridine methiodides) and 
I 
-
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TABLE 6.2 
a 
'Hn.m.r. Seectra (6)-
b f.. + 
.!!. Compound Spec1es R1 ng protons Coupl1ng constants NMe Other protons 
(Hz) 
2-H 3-H 4-H 5-H 6-H 
Ptr1 d1 ne 
meth1od1 de 
2-F + B.55-8.9 7.7 -8.1 7.7 -8 . 1 8.55-8.9 JFMe "' 3.5 4.3d 
' 2-Cl + 8.0 -8.8 8.0 -8.8 8.0 -8 .8 9.0d J5,6 • 6.5 4.4 
2-Br + 8.4 -8.6 8.4 -8.6 7.95-8 . 3 9.ld J5,6 • 6 4.5 !. 
2-1 + 7.9 -9.3 7.9 -9.3 7.9 -9 .3 7.9 -9.3 4.5 
f f 2-()le + 8.35-8.5 7.5 -7 . 7 7.5 -7.7 8.35-8.5 4.05 4.3 
2-SMe + 8.3 -8.6 7.6 -8.05 7.6 -8 .05 8.8d' J5,6 • 6 4.2 2.9 
2-NH2 + 7.8 -8 .2 6.9 -7.3 6.9 -7.3 7.8 -8.2 3.9 
2-NHl + 7.95d 6.8 -7 . 3 6.8 -7 . 3 8.25d' J5,6 • 7 3.85 8.4m (H2N) 
2-Nlf1e + 8.0 -8.3 6.9 -7.3 6. 9 -7.3 8.0 -8.3 3.9 3.1 (3H) 
2-NHe2 + 8.0 -8 .4 7.2 -7.7 7.2 -7.7 8.0 -8.4 4.1 3. 2 (6H) h 
2-NC5H10 + 8. 2 - 8.5 7.4 -7.8 7.4 -7 . 8 8.2 -8.5 4.1 3.4m (4H), 1.8m (6H) 
3-Br + 9. 2m 8.75-9 .0 7.9 -8.2 8.75-9.0 4.45 
3-1 + 9. 3 8. 8 -9.1 7. 7 -8.2 8.8 -9.1 4.4 
3-()le + 8. 5 -8 .65 8. Im 8. Im 8. 5 -8.65 4.4 4. 10 
3-SMe + 8. 7m 8.3 -8.4 7. 9 -8.1 8.5 -8.6 4.4 2.7 
3-S02Me + 9.7m 9.1 -9.3 8.4 -8.6 9.1 -9 .3 4.6 3.5 
3-N02 + IO.Om 9.3 -9.5 8.3 -8.6 9.3 -9 . 5 4.6 
3-NH2 + 8.0 - 8.2 7.7 -7.85 7.7 -7.85 8.0 -8.2 4.3 6.7m (~N) 
g_ 
3-0H + 8.35-8.55 7.95-8.2 7.95-8.2 8.35-8.55 4.4 
4-Cl + 8.85d' 8.2d' 8.2d' 8.85d' J2,3 • 7 4.4 
4-Br + 8.8d' 8.4d ' 8.4d' 8.8d' J2,3 • 7 4.4 
4-1 + 8.55m 8.55m 8.55m 8.55m 4. 3 
+ g_ 8.Bm 8.Bm 8.8m a.am 4.3 
f f 
4-()le + 8.6d' 7.6d' 7.6d' 8.6d' J2,3 • 8 4.3- 4.2-
4-SMe + 8.5d' 7.8d' 7. 8d' 8. 5d ' J2,3 • 7 4.3 2.7 
4~S02Me + 9.3d' 8. 7m 8. 7m 9.3d' J2,3. 6. 5 4.6 3.5 
g_ 
4-NH2 + 8. ld' 6. 95d ' 6.95d' 8. ld ' J2 ,3 • B 4.0 8.111 (~N) 
4-NHMe + 8. 15d' 6. 95d' 6.95d' 8. 15d ' J2,3 • 8 4.0 3.0 (3H) 
4-NMe2 + 8.0d' 6. 9d ' 
h 
6.9d' 8.0d' J2,3 • 8 3.9 3. 2 (6H) 
4-NC5H10 + 8. ld' 7.ld' 7.ld' 8. ld' J2,3 • 8 3.9 3.7m (4H), 1. 7m (6H) 
I 
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TABLE 6.2 Continued 
b 
.£ + ~ Compound Species Rf ng protons Coupl f ng constants tt4e Other protons 
(Hz) 
2-H 3-H 4-H 5-H 6-H 
Ptrf df ne 
i.,J. 
0 8.6 
k 
7.25 7.6 7. 25 8.6 J2,3. 5, J3,4. 7.6 
.- 8.8 8.1 8.6 8.1 8.8 J2,3 • 5.8, J3,4 • 7. 5 f 
2-F- 0 6.8 -7.4 7.9m 6.8 -7.4 8.25d' f 1 2-Cl- 0 7.1 -7.8 7.1 -7.8 7. 1 -7.8 8.4d' J2,3,. 4.9~ f 
2-Sr 0 7.2 -7.8 7.2 -7.8 7. 2 -7 . 8 8.4d' J2,3,. 4.8 m 
2-c»le - 0 6.6 -6.9 7.4 -7 . 7 6.6 -6.9 8.2d' 3.9 
+ ~ 8.4 -8.8 7.5 -7.8 7.5 -7.8 8.4 -8.8 4.3 !!!. 2-SMe 0 7.25m 7.6m 7. hl 8.6d' 2.6 f 
2-N02 0 8.0 -8.5 8.0 -8 . 5 7.7 -8 .0 8.8m 
f f 1-He 2•NMe 0 6.8 -7.1 6.3 -6.5- 5.5 -5.75 6.8 -7.1 3.0, 3.3 
1-He 2•0 0 6.1 -6.6 
.2. 
7. 2 -7 . 55 6.1 -6 .6 7.2 -7.55 3.5 
0 6.45-6.8 7.55-7.8 6.45-6 .8 7.55-7.8 3.7 f 
3-Sr- 0 8. 75 7.8m 7. 1 -7 .45 8.6m J3,4. 8 
3-1 0 8.9 8. lm 7.2m 8.6m J2,3"' 5• J3,4 • 9 ~ 
+ 9.3d 9.0 -9.3 8. lq 9.0 -9.3 J,. 6, 8.5 
3-SHe 0 a.Sm 7.6m 7. 1 -7.35 8. 4m 2.5 
3-S02He 0 9. 2m 8.35m 7. 7m 9.0m 3. 25 
3-N02 0 9.5d f 
8.6m 7. 7m 9.0m J2,3 = 5, J3,4 = 8.5 
3-NH2- 0 7.9 -8.2 7.0 -7.2 7.0 -7 . 2 7.9 -8.2 4.3 (H2N) f 
4-Cl - 0 8. 5 -8 . 7 
f 
7.3 -7.5 7.3 -7 . 5 8. 5 -8.7 
4-c»le - 0 8. 5d' 6.8d' 6.8d' 8. 5d' J2,3 . 5. 5 3.8 
.2. 0 8.5d' 7.0d' 7. 0d ' 8. Sd' J2,3. 5. 5 3.9 
n ,.e_ 
7. 65d ' 8.8d ' J2,3 • 7 4.2 . - 8.8d' 7.65d' 9. 4-SHe 0 a.sq 7.2q 7. 2q 8.Sq 2. 5 
.!:. 
7. ld ' 8.4d' J2,3 C 5 2.4 0 8.4d' 7, ld I 
9. 
+ 8. 6q 7. 9q 7. 9q 8. 6q 2.7 
9. 4-S02Me 0 9. lq 7.9q 7. 9q ~.lq 3. 1 
.!:. 
7. 9d ' 9.0d ' J2,3 = S 3. 15 0 9.0d' 7. 9d ' 
9. 
+ 9.4q 8. 8q 8.8q 9. 4q 3.6 
4-N02 0 9. ld' 8. 2d ' 8. 2d ' 9. ld ' J2,3 a 4.5 
4-Nffle 0 8.2d ' 6. 45d' 
~ 
6.45d ' 8. 2d ' J2,3 • S 2.8d (3H) 
6. Sd ' 8. ld ' J2,3 • S 2. 7 (3H) 0 8, ld I 6.Sd ' 
.!l. 
6. Sd ' 8, ld I J2,J a 5 2.7t (3H) 0 8. ld' 6. Sd ' i 
4-NHe2 0 8.2d' 6. 45d ' 6.45d ' 8. 2d I J2,3 • S 2.9 (6H ) 
~. i_ 
0 8. 25d ' 6. 6d ' 6. 6d ' 8.25d ' J2,3 • S 3. Jm (4H) , 1. 6m (6H ) 4-NC5H10 
.... 
Compound Species 
2-H 
Hie 4•0 0 8.45d' 
0 
0- 7.Bd' 
I 
2-H 
Qu1no11ne 
methiod1de 
t 
2-1 + 
!:!. 
+ 
2-SHe + 
h.,Y. 
2-NC5H10 + 
Y. 3-Br + 9.55s' 
1 
3-SHe + 9.2 
.9.. 9.65s' + 
4-Cl + 9.3d 
.9.. 
+ 9. 75d 
!:!. 
+ 9.25d 
1 
4- I + 8.1 -8.9 
!:!. 
+ 8.1 -8.8 
4-~ + 9.0d 
4-SHe + 8.8d 
.9.. 
+ 9. 3d 
h 
4-NCsH10- + 8.4d 
6-Cl + 9. 3d 
8-Cl + 9.4d ' 
8-CJo1e + 8.85-9.l j_ 
10 .0d' + 
lsoquinoline 
methiodide 
~ 
1-1 + 
!:!. 
+ 
1-SHe + 
.9.. 
+ 
TABLE 6. 2 Continued 
3-H 
6.35d' 
6. 55d' 
3-H 
7.9 -8.7 
8.1 -8.8 
7.9d 
7.6d 
8.25d 
8.65d 
8.25d 
8.1 -8 .9 
8. 1 -8.8 
7.4d 
7. 6d 
8. ld 
7. ld 
8. lq 
8.0q 
b 
Ring protons -
4-H 
4-H 
7.9 -8.7 
8.1 -8.8 
8.8d 
8.5d 
9.35s' 
8.9 
9. 15s' 
{ 
9. ld 
9.3d ' 
7. 5 -8 . l 8. 85-9.l 
8.2q 9.25d' 
9. 2d 8.6d 
8.2 -9 .0 8.2 -9 .0 
8. 5d 8.2d 
8.9d 8.5d 
5-H 
6.35d' 
6. 55d' 
6-H 
8.45d' 
7.Bd' 
(5-8)-H 
7.9 -8.7 (8 .7s, > lH) 
8.1 -8.8 (8.75s, 2H) 
7.95-8.3 
a.am 
8. 1 -8.45 
7. 9 -8.3 
7.9 -8 .6 
7.9 -8 .65 
8.3 -8.9 
8.2 -8.7 (3H) , 
8.85-9.1 (lH) 
8.1 -8 .9 (8.85s , > lH) 
8.1 -8.8 (8. 75s, 2H) 
7.6 -8.5 
7.9 -8.5 
8.2 -8.7 
7.6 -8.3 
8.25-8.55 
7.8 -8.5 
7.5 -8.1 
7.55-8.J 
8.3 -8.8 
8.2 -9 .0 
7.8 -9 .0 
8.0 -9.0 
C + 
Coupling constants- lfle 
(Hz) 
4.9 
5.05 
J3,4 s 9.5 4.4 
J3,4 = 10 4.1 
4.8 
4.6 
4.6 
J2,3 = 6 4. 7 
J2,3 = 6 4.7 
J2,3 = 6 4.8 
4.6 
4 .7 
J2,3 = 7 4.4d 
J2 ,3 " 7 4 .4 
J2,3 z 7 4. 55 
J3,4 = 8 4.2 
J2,3 • 6• J3,4" 8.5 4.7 
J2,3 z 5, J3,4. 8 5. 1 
4.8 
J2,3 z 6. 5, J3 ,4 . 9 5.1 
4.7 
4.9 
JJ,4 • 6.5 4.7 
J3,4 • 6.5 4.6 
d 
Other protons-
3. 7 (3H) 
3.8 (3H) 
3.0 
120 
3.Bm (4H), 1.85m (6H) 
2.7 
2.8 
4.4d 
2.8 
2.95 
3. 85m (4H), 1.85m (6H) 
4.1 
4 . 2 
2.7 
2.8 
-
.... 
-
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TABLE 6.2 Continued 
b £ + d 
Compound Species Ring protons Coupling constants lfMe Other protons 
(Hz) 
2-H 3-H 4-H (5-8) -H 
.!.,~ { 7.7 (5-H), 7.4 (6-H), J2,3 = 4.2, J3,4 z 8. 3, Quinolfne 0 8.8 7.3 8.0 
7.6 (7-H). 8.1 (8-H) J2 ,4 = 1. 7 
2-1 0 7.1 -8.3 7.1 -8.3 7.1 -8.3 
! 
2-SHe 0 7.2d 7.9d 7.4 -8.1 J3,4 • 9 2.7 
9. 
+ 7.7 8.6 7.7 -8 . 1 2.9 
1-Me 2•0 0 6.8d 7.8d 7.3 -7.8 J3,4 "'9.5 3.8 
.Q. 
0 6.3d 7.5d 6.85-7.45 J3,4 .. 9.5 3.25 
.9. 
0 6.6d 7.9d 7.05-7 . 75 J3,4"' 9.5 3.6 
{ 7.2 -7.7 (3H), 3-Br 0 8.9d 8. ld J2,4" 2 
7.9 -8.1 (8-H) 
{ 7.5 -7.9 (2H). 4-Cl 0 8.7d 7.4d J2,3 = 5 8.0 -8.3 (2H) 
!!. 
+ 9.35d 7.9 -8.5 7.9 -8.5 J2,3 = 6 
4-1 0 8.4d 7.9d 7. 5 -8 . 2 J2,3 = 5 
! { 7.5 -7 . 9 (2H). 4-SMe 0 8.8d 7.ld J2,3 = 5 2.6 
8. 3 (5 and 8-H) 
g_ 
+ 8.6d 7.45d 7.65-7.95 2.7 
1-Me 4=0 0 7. 5d 6.2d 
{ 7. 3 -7. 9 ( 3H). 
J2,3 = 8 3.8 8.5d' (8-H) 
.Q. { 6.9 -7.5 (3H), 0 7.5d 5.9d J2,3 = 8 3. 4 
7.7d' (8-H) 
{ 7.5 -7.7 (2H), J2,3 = 4• J3,4 = 8·5• 6-Cl 0 8.9q 7.4q 8. ld ' 
8. ld' (8-H) J2,4 = 2 
8-Cl 0 9.05q 7.25-7.9 8. ld' 7.25-7.9 { J2,3 = 4• J3,4 = 8·5• 
J2,4 = 2 
8-0He 0 9.0q 7.0 -7.8 8.15d' 7.0 -7.8 { J2,3 = 4· 5• J3,4 = 9• 4.1 
J2,4 = 2 
8-SMe 0 9.0q 7.3 -7 .6 8. ld' 7.0 -7.6 { J2,3 = 4• J3,4 = 9• 2.5 
J2,4 = 2 
i,~ 9.15 (1-H) 8.45 7.5 
{ 7.7 (5-H), 7.6 (6-H), 
J3,4 = 6 lsoquinoline 0 7.5 (7 -H ), 7.9 (8-H) 
1-1 0 8.25d 7.55d 
{ 7. 5 -7.8 (3H) , 
J3,4 = 6 8.0 -8.2 (8 -H ) 
! 8. 5d 7.4d 
{ 7. 6 -7.9 (3H) , 
J3 4 = 6 2.8 1-SMe 0 8.3m (8-H) ' 
9. 
"'8.05d 7 .8d 7.8 -8 .1 2.9 + 
2-Me 1 • 0 0 7. 2d 6. 6d 
{ 7.4 -7.8 (3H) , 
J3 ,4 " 8 3.6 
8.6m (8-H) 
--
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TABLE 6.2 Continued 
b £. + d 
Compound Species Ring protons Coupling constants NMe Other protons 
(Hz) 
2-H 3-H 4-H (5-8)-H 
.Q. { 7.3 -7.6 (3H), 0 7.0d 6.4d J3,4. 7.5 3.4 
7.95m (8-H) 
.9. { 7.6 - 7.85 (3H), 0 7.6d 6.7d J3,4. 7.5 3.6 
8.45d' (8-H) 
2H 3H 4H SH 6H 
Ptrimidine 
methiodide 
f f 
2-SMe + 9.0 d' 7.8q 9.2- d' JS,6" S, J4,5 • 6 4.2 2.9 
'i... 
+ 9.25-9.5 7 .95q 9.25-9.5 JS,6 • S, J4,5 = 6 4.3 2.95 
.9. 
+ 9.2d 7.85t 9.2d JS,6 • J4,5 • S.S 4.1 2.8 
4-SMe + 9.2s' 7.95d 8.6d JS,6 • 8• J2,6 • 2 4.2 2.75 
V ,'i_ 
l,2-H2-l,3-Me2 2=0 + 9.05d' 7.0t 9.05d' JS,6 • J4,5 " 6 3.8 (6H) 
.9. 9.15d 7.lt 9.15d JS,6 • J4,5 • 6 3.7 (6H) + 
Ptridazine 
methiodide 
3-Cl + 8.7d 8.7d 9.8t J • 3 4.7 
f f f 
3-SMe + 8.3 -8.4 8.3 -8.C 9.4m- 4.6 2.7 
.9. f f f 
+ 8.5 -8. 7- 8.5 -8.7 9.7m- 4.6 2. 7 
Pirazine 
methiodide 
f f f 
+ 8. 95s 8.55m- 9.2m- 4.4 2.75 
Ptrimidine 
1-Me 2•0 0 8.25d' 6.75q 8.7q { JS,6 • 4.5, J4,5 • 6.5 3. 6 
J4,6 • 3 
1-Me 4•0 0 8.45s' 6.45d 7.9d' JS,6 • 8• J2,6 • 2· 5 3.8 
1-Me 6•0 0 8.5s 8. ld 6.6d J4,5. 6.5 3.6 
.9. 7.95d 6.4d J4,5. 6.5 3.4 0 8. 5s 
Ptridazine 
9. 7.5m 7 .3m 9.0q 2.8 3-SMe 0 
9. 8. 6m 8.4m 9.4m 2.8 + 
·~ -
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TABLE 6.2 Continued 
b f . + Compound Species Ring protons - Coupling constants tt4e Other protons 
(Hz) 
2H 3H 4H SH 6H 
~razine 
2-SMe 9. 0 8.6d 8.3d 8.Sq 2.6 
9. 
+ 9.0 8.7d 9.3q 2.8 
.! Spectra were detennined with.£!· 0.02-0.04 g compound in 0.5 ml solvent; spectra for the cation(+) were detennined in o2o 
with sodium 3-trimethylsilylpropane-1-sulphonate as internal standard, and neutral species (0) in coc1 3 with trimethylsilane 
unless otherwise specified; s, singlet; d, doublet; t, triplet; m, multiplet; and (') indicates fine splitting or broadening due 
to meta or para coupling . b - Accurate to ±0. 1 ppm. £ Accurate to ±1 Hz. .Q. Methyl unless otherwise stated. 
+ ~ Sparingly soluble in water; spectrum in (C03)2so : 9.25-9.5 (6-H), 8.55-8.8 (3-H), 7.9-8.3 (4 and 5-H), 4.5 (MeN) . 
.!. Tentative assignment. .9. In (co3)2so . !!. The substituent -NC5H10 refers to piperidino. l Batterham (1973) and 
Brugel (1962) give the n.m.r. spectrum in other solvents. j_ In CDC1 3. ~ In o2so4-o2o. .!. Smith and Roark (1969) . 
!!!. Cox and Bothner-By (1969) give the n.m.r. spectrum in cc1 4 and Spinner and Yeoh (1971) in co3oo-o2o. !!. In N-OCl . 
Q. In o2o. £. Bellingham, Johnson, and Katr itzky (1967) give the n.m . r. spectrum in lOS o2so4. .9.. Barlin and Brown (1967) 
.!:. Neat. 1 Thi s compound was slightly soluble in water and the spectrum was obtained wi th the aid 
of a time averag i ng computer . ~ In CF3co2o. "!... Spari ngly soluble . 
w 
- In CC1 4. ~ Barlin and Brown (1967a)g1ve a 
similar spectrum in COC1 3. Y... In co3oo. 
d 
-
l 
I 
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para-coupling constants were less than ca. 2 Hz. 
The signal for the N-methyl group was in the range 3.85-4.6 o for 
the ii_-methylpyridinium compounds, being least for the 2- and 4-amino 
compounds and greatest for 4-methylsulphonylpyridine methiodide. In the 
l!_-methylquinolinium salts, the l!_-methyl signal was in the range 4.4-5.1 o; 
the 8-substituted quinoline methiodides had the ii-methyl signal furthest 
downfield. The methyl groups in the methoxy, methylthio, methylsulphonyl, 
and methylamino substituents were also displaced downfield following 
quaternisation in the ring. In the piperidino compounds, the protons of 
the piperidino substituent adjacent to the nitrogen were significantly 
affected by quaternisation in the pyridine ring. 
· The 'Hn.m.r. spectra of the methiodides were similar to the spectra 
for the cations of the corresponding unmethylated compounds in DCl-D20, 
except for a significant variation in the spectrum of 1-methylthio-
isoquinoline methiodide from that of the cation of 1-methylthioisoquinoline. 
Dimethylsulphoxide (deuterated) was used as solvent in some 
instances because of its higher solvent power or to observe exchangeable 
protons (in o2o) as in the amino compounds . However 2-iodoquinoline 
methiodide (immediately upon solution) and 1-iodoisoquinoline methiodide 
I (within 40 min at ca. 20°) in (co3)2so,had Hn.m.r. spectra which were quite 
different from those in o2o, but which were similar to the 
I Hn.m.r. spectra 
of l-methyl-2-quinolone and 2-methyl-1-isoquinolone, respectively . The 
u.v. spectra of a sample of these solutions di luted with water had in 
both cases the spectrum of the corresponding oxo compounds (Table 6.1 ). 
Durst (1969), in a review on dimethylsulphoxide (DMSO) in organic 
synthesis, discussed some oxidations in DMSO alone (~._g_. benzyl halides-+ 
aldehydes) and the mechanism of displacement of halogeno substituents; 
and recently, Lyle and Kane (1973) reported a mi ld conversion of 
halogenopyridines and quinolines to the corresponding pyridone or 
quinolone by reaction of the halogeno compounds (as cations) with D SO 
II 
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1n the presence of concentrated hydrochloric acid and sodium iodide. 
They observed that the order of reactivity of the 2-halogenoquinolines was 
iodo > bromo ~ chloro compound. 
4-Iodoquinoline, 2-iodopyridine, and 3-methylsulphonylpyridine 
methiodides were also treated with DMS0. 4-Iodoquinoline methiodide in 
DMS0 gave the 1 Hn.m.r. and u.v. spectra of l-methyl-4-quinolone within 2 
days at~- 20°; and 2-iodopyridine methiodide gave l-methyl-2-pyridone 
within 2 months at ca. 20° or 2.7 hat 80°. 3-Methylsulphonylpyridine 
methiodide in 0MS0 at 80° showed no change in its u.v. spectrum (in H20) 
after 2 months. 
Thus the observed order of reactivity for the iodo substitufed 
compounds at ca. 20° was: 2-iodoquinoline methiodide > 1-iodoisoquinoline 
methiodide > 4-iodoquinoline methiodide > 2-iodopyridine methiodide. 
-
I 
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CHAPTER 7 
EXPERI ENTAL 
Microanalyses were carried out by the Australian National University 
Analytical Services Unit. Solids for analysis were dried at l00°C, unless 
otherwise specified. Melting points were taken in Pyrex capillaries and 
are uncorrected. 
Thin layer chromatography was performed on silica gel plates and 
paper chromatography on whatman No . 4 paper with butan-2-ol-5M-acetic acid 
(7;3) and 3% aqueous ammonium chloride as solve ts. Solids were recrystall-
ised where possible to constant melting points. 
Infrared spectra were measured as potassium bromide discs with a 
Unicam SP200 instrument. Ultraviolet spectra were recorded using a Unicam 
SP800 spectrophotometer and peaks were checked wi th a Uni cam SP500 manual 
instrument . All work involving the stopped-flow rapid reaction apparatus 
was carried out on a Shimadzu RS27 spectrophotometer. 
1 Hn.m.r. soectra were measured at 601Hz and 33.5° with a Perkin-, 
Elmer RlO spectrometer, or at 35° with a Varian T-60A instrume nt. Spectra 
were determined in o2o with sodium 3-trimethylsilylpropane-l-sulphonate or 
in CDC1 3, co3oo , or (CD3)2so with tetramethylsilane as internal standard . 
The concentrations of these solutions were not determined, but were gener-
ally 0.02g of sample in 0.5 ml of solvent. 
All new compounds are underlined at their first mention 1n the 
experimental section (paragraph headings being excepted). 
I_ 
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PYRIDI ES 
. 
2-Fl uoropyridine Methiodide: 2-Fluoropyridine (7.9g) and methyl 
iodide (40 ml) were heated in a sealed tube at 50° for 8 h. The precipitate 
which had for me d was filtered off, and washed well with acetone, to give 
white crystals of 2-fluoropyridine methiodide (2.lg), m.p. 177-178° (decomp .) 
( B r a d l ow an d V an de rw e r f , 1 9 51 , g i v e 71 . 1 - 7 2 . 0 O ) (Found, for material dried 
at 20 ° and 710 mmHg : C, 30.l; H, 3.1; N, 6.1. Cale. for c6H7FIN: C, 30.15; 
H, 2.95; N, 5.9%). 
2 - Ch l o ro py r i di n e Me tho s a 1 ts : A s o 1 u ti on of 2 - ch 1 o ro p yr i di n e [ 11 . 3 g ; 
b.p. 163-164° at 713 mmHg (Brown and McDaniel , 1955, give 167.3-167.5° at 
744 mmHg.)] in methyl iodide (6.2 ml) was allowed to stand at -10° for four 
weeks. Pale yellov-1 crystals separated, and were filtered off, washed well 
with acetone, and dried at 20° and 0.35 mmHg , to give 2-chloropyridine 
methiodide (2.8g), m.p. 205-206° (decomp.) (Liveris and Miller , 1958, give 
207°) (Found: C, 28.55; H, 3.05; N, 5.3. Cale. for c6H7ClIN: C, 28.2; 
H, 2.8; N, 5.5%). Attempted recrystallisation from acetone-ethanol-light 
petroleum (b.p. 40-60°) gave some exchange of the chloro substituent with 
the iodide anion. 
A solution of 2-chloropyridine (2g) and methy l chloride (~. 3g) in 
acetone (50 ml) (prepared at 0°) \ as heated at 50° for 4 weeks . Evaporation 
of the acetone gave mostly unchanged 2-chloropyridine and a white solid 
(0.02g) v,hose n.m.r. spectrum in o2o was identical to that of 2-chloro-
pyridine methiodide. 
2-Bromopyridi ne ethiodide: 2-Bromopyrid ine (15.8g) and methyl 
iodide (6.2 ml) were mixed and al loved to stand at -10°. After standing 
for two weeks the crystalline solid (3.06g) was collected and the filtrate 
allowed to stand a further 3.5 weeks to give another crop (2 .0g). The 
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product was washed well with acetone and dried at 4° and ca. 17 mmHg to 
give 2-bromopyridine me thiodide, m.p. 208.5-209° (decamp .) (Found: 
C , 2 4 . 0 ; H , 2 . 5 ; N , 4 . 6 . C 6 H 7 Br I re qui res C , 2 4 . 0 ; H , 2 . 3 5 ; N , 4 . 7 % ) . 
Attempted recrystallisation fro m ethanol and from acetone-ethanol gave 
some exchange of the bromo substituent with the iodide anion. 
2-Bromopyridine ethobromide: 2-Bromopyridine (3.lg) and methyl 
bromide (2.0 ml) were heated in a sealed tube at 92° for 21 h. A grey 
precipitate formed and it was recrystallised tvlice from ethanol-acetone to 
give 2-bromopyridine me thobromide (2.5g), m.p. 225-226° (decamp.) (Found, 
for material dried at 20° and 20 mmH g: C, 27.9; H, 3.5; N, 5.2. 
C6H7Br2N requires C, 28.5; H, 2.8; N, 5.5; Br, 63.7%). Paper and t.l.c. 
0ilica-ethanol) chromatography gave one spot, but further recrystallisations 
failed to improve the analysis (Found: Br, 62.7%). 
2-Bromopyridine methobromide (5%) was also prepared from a solution 
of 2-bromopyridine (1 .9g) and methyl bromide (l.0 ml) in acetone (30 ml) 
at 4° for 8 weeks . 
2-Iodopyridine Methiodide: This compound was prepared from 2-chloro-
pyridine and methyl iodide by heating at 91° for 12 h as descri bed by 
Bradlow and Vanderwerf (1951). Recrystallisation from ethanol gave white 
crystals of 2-iodopyridine methiodide (51 %), m.p. 207.5-208.5 ° (lit., 
209.5-210.1°) (Found: C, 21.0; H, 2.0; N, 3.9. Cale. for C6H7I2 : 
C, 20.8; H, 2.0; , 4.0%). 
2- ethoxypyridine Methiodide : 2- ethoxypyridine (10.9g) and methyl 
iodide (6.2 ml) were precooled to -10°, mixed, and then allowed to stand 
at -10° for 4 weeks. Yellmv crystals which had separated, were filtered 
off (at 4°) and washed with methyl iodide, and dried over P2o5 at 4° and 
r 
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716 mmHg to give 2-methoxypyridine methiodide (9.3g), m.p. 75° (decamp.) 
(Found: C, 33.8; H, 3.9; N, 5.7. c7H10 r O requires C,. 33.5; H, 4.0; 
N, 5.6%). A second preparation at 4° for 18 days gave the methiodide 
(5.6g) (Found: C, 33.9; H, 4.2; N, 5.9%). 
2-Methoxypyridi ne methiodide on attempted crystallisation from 
acetone, or on standing at room temperature (over KOH or P2o5), gave 
_-methyl-2-pyridone. This product was identified by comparison of its 
'Hn.m.r. spectrum with authentic materia l (Rath, 1931) and by preparation 
of its picrate m.p. 146-148° (from ethanol), ~nctepressed on mixing with an 
authentic specimen similarly prepared (Ellin, 1958, gives m.p. 145°) 
(Found, for material dried at 20° and atmospheric pressure over P2o5: 
C, 42.8; H, 2.95; N, 16.5. Cale. for c12H10N4o8: C, 42.6; H, 3.0; 
N, 16.6%) . 
2-Methylthiopyridine Me thiodide: 2-Methylthiopyridine (2.6g; 
Albert and Barlin, 1959), methyl iodide (4.6g),and methanol (20 ml) were 
heated in a sealed tube at 100° for 4 h. The mixture, after evaporation 
and recrystallisation from acetone, gave pale yellow needles of 2-methyl-
thiopyridine methiodide (4.7g), m.p. 155-157° (Gautier, Lambin, Renault, and 
Oesvignes, 1954.,and Renault , 1955, give 156 ° ) (Found: C, 31.5; H, 3.95; N, 5.1. 
Cale. for c7H10 r S: C, 31.5; H, 3.8; N, 5.2%). 
2- ethylsul phonylpyridine: This compound was prepared by oxidation 
of 2-methylthiopyridine with potassium permanganate in BM-acetic acid by 
the general procedure of by King and Ware (1939). It had b.p. 111-112° at 
0.12 mmHg (Brown, 1968, gives 120° at 0 .7 mmHg). 
2- itropyridine: This compound was prepared from 2-aminopyridine by 
oxidation with 30% hydrogen peroxide in fuming sulphuric acid as described 
II 
1, 
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by Kirpal and Bohm (1932). It \AJas recrystallised from chloroform-light 
petroleum (b.p. 40°-60°) to give a white crystalline solid,m.p. 71-73° 
(Kirpal and Bohm, 1931, to give 71°). 
2-Aminopyridine Methiodide: This compound was prepared as described 
by Karrer, Ishii, Kahnt, and Bergen, (1938) by the methylation of 2-
aminopyridine with methyl iodide in refluxing ethanol for 4 h. The product 
crystallised from ethanol and had m.p. 148-149° (lit., 148-149°) (Found: 
C, 30.6; H, 4.1; N, 12.1. Cale. for C6H9IN2: C, 30.5; H, 3.8; N, 11.9%). 
2-Methylaminopyridine Methiodide: A mixture of 2-aminopyridine 
methiodide and 5M-sodium hydroxide was extracted with chloroform to give 
1,2-dihydro-2-imino-1-methylpyridine as a colourless oil which rapidly 
darkened on warming. The imino compound and methyl iodide in acetone 
at room temperature gave 2- methylaminopyridine methiodide, m.p. 162-163.5° 
(from ethanol) (Tschitschibabin, et~-, 1921, give 159-160°) (Found: 
C, 33.6; H, 4.4; N, 11.0. Cale. for C7H11 IN2: C, 33.6; H, 4.4; N, 11.2%). 
1,2-Dihydro-1-methyl-2-methyliminopyridine: 2-Methylaminopyridine 
methiodide was mixed with SM-sodium hydroxide and the oil which separated 
was extracted with chloroform. The product was distilled to give l,2-
dihydro-1-methyl-2-methyliminopyridine, b.p. 41° at 0.6 mmHg (Tschitschibabin, 
et tl. , 19 21 , g i v e 12 8 ° at 3 8 mm Hg ) . 
1-Methyl-2-piperidinopyridini um Iodide: 2-Iodopyridine methiodide 
(0.8g) and piperidine (0.42g; 2 equivalents) 1n ethanol (30 ml) were re-
fluxed on a steam bath for 2 h. The ethanol was evaporated leaving an oil, 
which was extracted with boiling diethyl ether (discard) and the residue 
was crystallised from acetone to give yellow crystals of the iodide (0 .29g), 
-! 
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m.p. 161.5-163° (Found: C, 43.6; H, 5.5; N, 9.1. c11H17 rN2 requires 
C, 43.4; H, 5.6; N, 9.2%). 
The bromide was prepared as described above for the iodide and had 
m.p. 176.5-177° (Found: C, 51.5; H, 6.7; N, 10.8. c11H17 BrN2 requires 
C, 51.4; H, 6.7; N, 10.9%). The picrate had m.p. 123-124° (from water) 
(Found: C, 50.0; H, 4.8; N, 17.0. c17H19N5o7 requires C, 50.4; 
H, 4.7; N, 17.3%). 
N-Methyl-2-pyridone: This compound was prepared by N-methylation 
of the potassium salt of 2-hydroxypyridine with dimethyl sulphate in 
methanol as described by Rath (1931). It distilled at b.p. 58.5-61° at 
0.14-0.18 mmHg (lit., 134-135° at 16 mmHg). 
The picrate (from ethanol) had m.p. 146.5-148° (Ellin, 1958, gives 
145°) (Found: C, 43.1; H, 3.2; N, 16.6. Cale. for c12H10N4o8:c, 42.6; 
H, 3.0; N, 16.6%). 
3-Bromopyridine Methiodide: 3-Bromopyridine and methyl iodide 
were heated at 90° for 12 h, as described by Bradlow and Vanderwerf 
(1951), and gave light yellow crystals of 3-bromopyridine methiodide 
(80%; from ethanol), m.p. 163-165° (lit., 159.1-159.9°) (Found: 
C, 24.15; H, 2.2; , 4.4. Cale. for c6H7BrI : C, 24.0; H, 2.35; 
N, 4.7%). 
3-Iodopyridine Methiodide: A solution of 3-iodopyridine (4.lg) 
in ethanol (20 ml) was heated with methyl iodide (6.2 ml) in a sealed 
tube at 92° for 21 h. The product was collected (on evaporation of the 
ethanol) and recrystallised from ethanol to give 3-iodopyridine me thiodide 
(4.65g), m.p. 184-186° (Found, for material dried at 20° and 0.2 mmH g: 
C, 20.9; H, 3.8; N, 2.15. C6H7I2N requires C, 20.8; H, 4.0; N, 2.0%). 
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3-Methoxypyridine Methiodide: 3-Methoxypyridine was prepared from 
3-hydroxypyridine and diazomethane by a method similar to that used for 
3-methoxy-5-methylpyridine (Marion and Cockburn, 1949). The picrate had 
m.p. 137-138° (from ethanol) (Prins, 1957, gives 136-139°). 
A solution of 3-methoxypyridine (1.38g) and methyl iodide (1.0 ml) 
1n methanol (10.0 ml) in a sealed vessel was allowed to stand at room 
temperature for two days, and then evaporated to dryness. The product 
was recrystallised from isopropanol to give light yellow crystals of 3-
methoxypyridine methiodide (2.76g; 85%), m.p. 155-156° (Found: C, 33.75; 
H, 4.2; N, 5.5. c7H10 I O requires C, 33.5; H, 4.0; N, 5.6%). 
3-Methylthiopyridine Methiodide : 3-Methylthiopyridine was made by 
the method of Albert and Barlin (1959) from the pyridine sulphonic acid. 
Pyridine-3-sulphonic ~cid was converted, through the sulphonyl chloride 
hydrochloride (prepared with phosphorus pentachloride) to the stannic 
tetrachloride double salt by reduction with stannous chloride 1n concen-
trated hydrochloride acid. Decomposition of the double salt with lOM-
sodium hydroxide liberated the mercapto compound and methylation with 
methyl iodide 1-!!_ situ .gave 3-methylthiopyridine b.p. 52-54° at 0.05-0.20 
mmHg (lit., 102° at 17 mmHg) . The picrate (from ethanol) had m.p . 
136-137° (Found: C, 40.8; H, 2.9; N, 15.7. c12H10 4o7s requires 
C , 40 . 7 ; H , 2 . 8 ; , 15 . 8%) . 
A solution of 3-methylthiopyridine (5.0g), methyl iodide 
(2.4 ml), and ethanol (50 ml) was refluxed on a steam bath for 40 min . 
After chilling, the crystals vere collected and recrystallised from 
ethanol to give light yellow 3-methylthiopyridine methiodide (7.96g; 75%), 
m.p. 122-125.5° (Found, for material dried at 100° for 40 min 
C, 31.6; H, 4.1; N, 5.1. c7H10 I S requires C, 31.5; H, 3.8; , 5.2%). 
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3-Methylsulphonylpyridine: A solution of potassium permanganate 
(10g) 1n water (100 ml) was added to a stirred solution. of 3-methylthio-
pyridine (4.0g) in acetic acid (60 ml ; 81) at~- 20° over 0.5 h. The 
mixture, after stirring for 2 h, was decolourised by passing sulphur 
dioxide, then adjusted to pH? with aqueous ammonia and extracted with 
chloroform. The chloroform extract (dried over Na 2so4) was evaporated 
to leave a colourless oil (4.7g) which solidified on cooling. A sample 
was recrystallised from diethyl ether to give 3-methylsulphonylpyridine, 
m.p. 54.5-56.5° (Found, for material dried at ca. 20° and atmospheric 
pressure over P2o5: C, 45.9; H, 4.4; N, 8.8. c6H7No2s requires C, 45.85; 
H, 4.5; N, 8.9%) . The picrate had m.p. 166-168° (from ethanol) (Found: 
C, 37.7; H, 2.5; N, 14.5. c12 H10N4o9s requires C, 37.3; H, 2.6; N, 14.5%). 
3-Methylsulphonylpyridine Methiodide: A mixture of 3-methyl-
sulphonylpyridine (4.05g), methyl iodide (3.0 ml),and acetone (20 ml) was 
allowed to stand at 20°. After 5 days the solid (5.8g) was filtered off 
and recrystallised from ethanol to give orange crystals of 3-methyl-
sulphonylpyridine methiodide (4.21g), m.p. 211-212° (Found: C, 28.1; 
H, 3.5; 1 , 4.6. c7H10 r o2s requires C, 28.1; H, 3.4; N, 4.7%). 
3-, itropyridine Methiodide: 3-Nitropyridine (Barlin, 1972) was 
methylated by heating with methyl iodide in methanol at 100° for 3.5 h 
(Pfleiderer, ~ {L., 1960) to qive the methiodide, m.p. 212 ° 
(from ethanol) (lit., 215°) (Found: C, 27.25; H, 2.8; N, 10.7. Cale. 
for C6H7I 2o2: C, 27.1; H, 2.65; l, 10.5%). 
3-Aminopyridine Methiodide: 3-Aminopyridine (3.77g) and methyl 
iodide (6.2 ml) in acetone (30 ml) were refluxed for 20 min. Two layers 
separated; the lower layer solidified on cooling and was recrystallised 
from isopropanol to give the methiodide (4.97g), m.p. 122-123° (Turitsyna 
and Vompe , 1951, give 123°) (Found: C, 30.8; H, 4.0; N, 11.7. Cale. 
3-Hydroxypyridine Methiodide : This compound was prepared by 
refluxing 3-hydroxypy rid ine with methy l iodide in acetone according to 
the directions of Prins (1957) and Haworth , Lamberton, and Woodcock 
(1947). It was recrystallised from acetone and had m.p. 117.5-118.5° 
(Haworth, et~-, 1947, 9ive 115-117 ° ). 
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4-Chloropyridine Hydroch loride : This comp ound (commercial) was 
subli med at 120° and 0.01 mmHg (Foun d: C, 40.3; H, 3.5; N,- 9.6. Cale. 
for C5H5C1 2N: C, 40.0; H, 3.4; N, 9.3%). 
4-Chlo ropyridine Methiodide and Metho tetr afluoroborate : 4-Chloro-
pyridine [extracted into chloro form from its hydrochloride (9.0g) with 2 
equivalents of sodium carbonate in water] and methyl iodide (20 ml) were 
allowed to stand (some crystals formed after 5 min ) at ca. 0° for three 
days. The green crystals were filtered off and recrystallis ed from 
ethanol to give 4-chloropyridine methi odide (8 .5g), m.p. 162-164° 
(Sprague and Brooker, 1937, give 161-163°) (Found: C, 28.2; H, 2.9; 
N, 5.65. Cale. for c6H7ClIN: C, 28.2; H, 2.8; N, 5.5%). 
ethanolic solutions of 4-chloropyridine methiodide (2 . 55g in 30 
ml) and silver tetrafluoroborate (1 . 95g in 5 ml) were mixed at room 
temperature . After 5 min , the solution was filtered from a white pre -
cipi tate (silver iodide) and then concentrated. The residue was recrys -
tall ised from methanol-ether to give 4-chloropyridine me thotetrafluoro-
bo rate (1.63g), m.p. 85 -86° (Found, for material dried at 20° and 
atmospheric pressure over P2o5: C, 33.6; H, 3.4; N, 5.5. C6H7BC1F4 
requires C, 33.5; H, 3.3; N, 6.5%). 
4-Bromopyridine Methotetrafluoroborate: 4-Bromopyridine was 
quaternised with methyl iodide (as described for 4-chloropyridine) to 
give 4-bromopyridine methiodide (86%), m.p. 200-201° (decamp.) 
Berson, et~., 1965, give 235°). Methanolic solutions of the 
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methiodide (3.0g 1n 30 ml) and silver tetrafluoroborate (1.95g in 10 ml) 
were mixed at room temperature. The mixture was filtered (from silver 
iodide) and the solvent evaporated. The residue was recrystallised from 
methanol-ether to give 4-bromopyridine methotetrafluoroborate (2.05g), 
m.p. 113-114° (O'Leary and Stach, 1972, give m.p. 110.5-111.5°) (Found, 
for material dried at 20° and atmospheric pressure over P2o5: C, 27.7; 
H, 2.6; N, 5.8. Cale. for C6H7BBrF4N: C, 27.7; H, 2.7; N, 5.4%). 
4-Methoxy pyridine Methiodide : 4-Methoxypyridine (2.2g; Haitinger 
andLieben, 1885a,b),methyl iodide (4.6g), and methanol (30 ml) gave after 
24 h at 25° a crystalline mass . The mixture was then evaporated to 
dryness and the product recrystallised from isopropanol-ethyl acetate to 
give 4-methoxypyridine methiodide (4.8g), m.p. 145-147° (Renshaw and Conn, 
1937, give 145°) 
4-Methylthiopyridine Methiodide: 4-Methylthiopyridine (1.5g; 
Albert and Barlin, 1959), methyl iodide (2.3g),and methanol (15 ml) were 
heated in a sealed tube at 100° for 4 h. The mixture after evaporation 
to dryness and recrystallisation of the residue from ethanol-ethyl 
acetate gave 4-methylthiopyridine methiodide (2.76g) as pale yellow 
needles, m.p . 185-186° (King and Ware, 1939, give 177°) (Found: 
C , 31 . 6 ; H , 4 . 1 ; N , 5 . 1 . Ca 1 c . f o r C 7H l O I N S : C , 31 . 5 ; H , 3 . 8 ; N , 5 . 2 % ) . 
4-Methylsulphonylpyridine Methiodide: 4-Methylthiopyridine was 
oxidized to the methylsulphonyl compound as described for the 2-isomer. 
After recrystallisation from benzene-hexane it had m.p . 82.5-83.5° (King 
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and Ware, 1939, give 81°). 
4-Methylsul phonylpyridine (2.16g) and methyl iodide (10 ml) gave 
after 4 days at~- 20° a yellow solid which was recrystallised from 
methanol to give 4-methylsulphonylpyridine methiodide (3.83g; 94%), m.p. 
160° (Found, for material dried at 20° and 0.2 mmHg: C, 28.4; H, 3.6; 
N, 4.3. c7H10 IN02s requires C, 28.1; H, 3.4; N, 4.7%). 
4-Nitropyridine: 4-Aminopyridine was oxidized with hydrogen 
peroxide in fuming sulphuric acid according to Kirpal and Bohm (1932) to 
give 4-nit ropyridine , m.p. 48-49.5° (lit., 50°). 
4-Aminopyridine Methiodide: The method of Poziomek (1963) was 
followed; 4-aminopyridine and methyl iodide in acetone were allowed to 
stand at room temperature overnight. The product was recrystallised 
from acetone to give the methiodide, m.p. 189-190° (lit., 179-182°) 
(Found: C, 30.6; H, 4.0; N, 11.8. Cale. for C6H9IN 2 : C, 30.5; H, 3.8; 
N, 11. 9%) . 
4-Methylaminopyridine Methiodide : This compound was prepared by 
a similar procedure to that described for 4-dimethylaminopyridine meth-
iodide, although the method of King and Ozog (1955) could have been 
adapted for this compound . 4-Chloropyridine hydrochloride (5.0g) and 40% 
aqueous methylamine (32 ml) were heated at 140° for 20 h and gave 4-methyl-
aminopyridine (4.08g), m.p. 127-131° (from benzene) (Wibaut and Broekman, 
1961, give 124.5-125°). Quaternisation with methyl iodide in ethanol gave 
4-methylaminopyridine methiodide (77%), m.p . 225-226° (Found: C, 33.6; 
H , 4 . 6 5 ; N , 11 . 1 . C 7 H l l IN 2 re qui res C , 3 3 . 6 ; H , 4 . 4 ; , 11 . 2 % ) . 
4-Dimethylaminopyridine Methiodide: 4-Chloropyridine hydrochloride 
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(5g) and 25-30% aqueous dimethylamine (40 ml) were heated in a sealed 
tube at 140° for 20 h. The solution was made alkaline and extracted with 
chloroform to give 4-dimethylaminopyridine (2.53g), m.p. 114-115° (Wibaut 
and Broekman, 1961, give 110-112°). Methylation was as described by 
Jerchel, Fischer, and Thomas, (1956) and involved allowing a solution of di-
methyl amine and methyl iodide in ethanol to stand at room temperature for 1 day. 
White crystals began to form after 10 min. Recrystallisation from 1so-
propanol gave the methiodide (4.76g), m.p. 245-246° (lit., 140°) (Found: 
C, 36.7; H, 5.0; N, 10.5. Cale. for c8H13 rN 2: C, 36.4; H, 5.0; N, 10.6%). 
4-Piperi dinopyridine : 4-Methoxypyridine (l.Og) and piperidine 
(3.0 ml) were heated in a sealed tube at 156° for 21 h. The mixture was 
diluted with wate r and the oil which separated was extracted with chloro-
form. The product was recrystallised from light petroleum (b.p. 60-80°) 
to give 4-piperidinopyridine (0.52g), m.p. 82-83° (Graf, 1933, gives 80°). 
Similarly 4-nitropyridine and piperidine gave after 4 h at 130° a 
low yield of 4-piperidinopyridine as its picrate, m.p. 144-146° (Katada, 
1951, gives 142°), and 4-chloropyridine and piperidine (Kauffmann and 
Boettcher, 1962) gave after 21 h at 156° a product whose 1 Hn.m.r. spec-
trum was identical with that of 4-piperidinipyridine prepared above. 
l-Methyl-4-pi peridinopyridinium Iodide: 4-Piperidinopyridine 
(0.43 g) and methyl iodide (1.0 ml) in methanol (5 .0 ml) were refluxed 
on a steam bath for 0.5 h. Methyl iodide (1.0 ml) was added, the mixture 
allowed to stand overnight, and then evaporated to dryness. The solid 
was recrystallised from methanol to give the iodide (0.74g), m. p. 162-164° 
(Graf, 1933, gives 159°) (Found: C, 43.4; H, 5.95; N, 8.8. Cale. for 
c11H17 rN 2: C, 43.4; H, 5.6; N, 9.2%). The picrate had m.p. 141-142° 
(from water) (Found: C, 49.6; H, 4.7; , 17.2. c17H19 5o7 requires 
I 
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C, 50 . 0 ; H , 4. 8; N , 17 . 0%) . 
This iodide was also prepared by direct nucleophi lic displacement 
with piperidine. Thus 4-chloropyridine meth iodide and piperidine in 
ethanol were refluxed for 2 h and then evaporated to dryness. The 
residue was recrystallised from acetone and gave a picrate, m.p. 
142.5-143.5° (from water), not depressed on admixture with the picrate 
prepared above. 
N-Methyl-4-pyridone: !i-Methylation of 4-hydroxypyridine with 
methyl iodide in methanol at 140°, as described by Ruzicka and Fornasir 
(1920) gave I!-methyl-4-pyridone, b.p. 158-161° at 0.15-0.18 mmHg (Albert 
and Barlin, 1959, give 153-156° at 0.05 mmHg). 
2-Iodoguinoline Methiodide: 2-Chloroquinoline and methyl iodide 
were refluxed on a steam bath for 7 days (Hamer, 1928), Yellow crystals 
had separated and were recrystallised from methanol to give the meth-
iodide,m.p. 212° (decomp.) (lit., 210-211°) (Found: C, 30.25; H, 2.6; 
N, 3.3. Cale. for c10H9I2N: C, 30.25; H, 2.3; N, 3.5%). 
Similarly, 2-chloroquinoline (0.3g), nitromethane (14 ml), and 
methyl iodide (2 ml) were allowed to stand at room temperature for 2 .5 
months and gave 2-iodcquinoline methiodide (0.6g),m.p. 202-203° (decamp .) 
(Found: C, 30.2; H, 2.4; N, 3.4%). 
2-Methoxyquinoline: This compound was prepared according to the 
procedure of Barlin and Brown (1967a)from 2-chloroquinoline and had b.p. 
68-69° at 0.09-0.1 mmHg (lit. 78-80° at 0.7 mmHg) . 
2-Methylthioguinoline ethiodide: The me thod of Beilenson and 
Hamer (1939) was followed. 2-Methylthioquinoline (Albert and Barlin, 
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1959) and methyl iodide were heated at 100° for 24 h, and the product was 
recrystallised from ethanol to give the methiodide, m.p. 190-191° 
(Beilenson and Hamer, 1939, give 193°). The methopicrate (from water) 
had m.p. 175-177° (Kent, Mc leil, and Co1t1per~ 1939, give 175°) (Found: C, 48.95; 
H, 3.5; N, 13.0. Cale. for c17H14N4o7s: C, 48.8; H, 3.4; N, 13.4%). 
The use of a large excess of methyl iodide for 2 days at 100° gave 
colourless crystals of trimethylsulphonium iodide,m.p. 208° (decamp .) 
(from ethanol) (E me teus and Heal, 1946, give approximately 208°) (Found: 
C , 17 . 7 ; H , 4 . 4 . Ca 1 c . f o r C 3 H 9 I S : C , 1 7 . 7 ; H , 4 . 4 5 % ) [ u . v . ( H 2 0 ) : \max 
226 nm; 1 Hn.rn.r. (020) o 2.95 ppm singlet]. 
1-Methyl-2-piperidinoquinolinium Iodide: 2-Iodoquinoline methiodide 
(0.14g), piperidine (0.08g) and ethanol (5 ml) were warmed and then 
allowed to stand at room temperature for several days. The solution 
was concentrated and gave yellow needles of the iodide (0.04g),m.p. 
196-197° (from ethanol) (Found: C, 50.5; H, 5.3; N, 7.7. c15H19 rN 2 
requires C, 50.9; H, 5.4; N, 7.9%. 
N-Methyl-2-quinolone: This compound was recrystallised from light 
petroleum (b.p. 40-60°) and had m.p. 73.5-75.5° (Mills and Wishart , 1920, 
give 74°). The picrate had m.p. 122.5-126.5° (from ethanol) (Kent, et 
al., 1939, 91 ve 128-129°). 
3-Bromoquinoline ~,ethiodide : 3-Bromoquinoline and methyl iodide 
gave a mass of yellow crystals after 24 h at room temperature . This 
product wa s crystallised from ethanol to give the methiodide, m.p. 
290-292° (Cooksey and Johnson, 1968, give 268-270°) (Found: C, 34.2; 
H, 2.7; , 3.9. Cale. for c10H9BrI : C, 34.3; H, 2.6; N, 4.0%). 
3-Methylthioquinoline ethiodide: 3-Benzoylthioquinoline, m.p. 
106-109° was prepared from 3-aminopyridine by diazotisation and treatment 
. --
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with potassium ethyl xanthate followed by benzoylation (Albert and Barlin , 
1959, give m.p. 111° ). This compound and methy l iodide in methanol at 
100° for 16 h gave 3-methylthioquinoline me thiodide , m.p . 244.5-246° 
(lit., 245°) (from ethanol ) (Found: C, 41.5; H, 4.2; I, 39.8; N, 4.2; 
S, 9.9. Cale. for c11H12 INS: C, 41.65; H, 3.8; I, 40.1; N, 4.4; 
s, 10.1%). 
4-Chloroguinoline Methiodide : 4-Chloroquinoline and methyl iodide 
at room temperature for 2.5 days gave the me thiodide, m.p. 208° (decamp. ; 
with prior colour change) (from ethanol) (Hamer, 1939, gives 208°) 
(Found: C, 39.6; H, 3.1; N, 4.6. Cale. for c10H9ClI N: C, 39.3; H, 3.0; 
N, 4. 6%) . 
4-Iodoguinoline Methiodide : 4-Chloroquin oline and methy l iodide 
were heated at 110° for 2 days (Hamer, 1939). The mixed ha logenoquinoline 
methiodides were separated by recrystallisation from methanol to give , 
as the least soluble component, 4-iodoquinoline methiodide , m.p. 258-259° 
(decamp .) (lit., 259° ) (Found: C, 30.5; H, 2.3; N, 3.3. Cale. for 
4-Methoxyguinoline Meth iodide: ~-~ethyl-4-quinolone was prepared 
according to Tucker and Irvin (1951) and had m.p. 150° (Albert and Barlin , 
1959, give 151-152 .5°). This compound and the methyl iodide gave after 
6 days at room temperature the methiodide , m.p. 132-133° (decamp.) (Price, 
1959, gives 135-136°) (Found: C, 43.85; H, 4.3; N, 5.1. Cale. for 
c11H12 INO : C, 43.9; H, 4.0; N, 4.65%). 
4-Methylthioguinoline me thiodide: A solution of 4-methylthio-
quinoline (2.0g; Albert and Barlin , 1959) and methyl iodide (12 .0 ml) 1n 
methanol (20 ml) was allowed to stand at room temperature for 4 days . 
I 
Yellow crystals which had formed were filtered off and recrystallised 
from ethanol to give 4-methylthioquinoline methiodide (.3.4g), m.p . 
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247-248° (Found: C, 41.6; H, 4.0; I, 39.7; N, 4.1. c11H12 INS requires 
C, 41.65; H, 3.8; I, 40.1; N, 4.4%). The methopicrate was prepared with 
aqueous picric acid, recrystallised from ethanol, and had m.p. 170.5-172.5° 
(Found: C, 48.3; H, 3.2; N, 13.0. c17H14N4o7s requires C, 48.8; 
H, 3.4; N, 13.4%). 
1-Methyl-4-pi peridinoguinolinium Iodide: 4-Iodoquinoline meth-
iodide (0.40g), piperidine (0.17g) and ethanol (7 ml) were refluxed on a 
steam bath for 3 h. The solution was evaporated to dryness leaving a 
paste, which after extraction with boiling diethyl ether (discard), was 
crystallised from acetone-light petroleum (b.p. 40-60°) to give the 
iodide (0.30g), m.p. 169-170° (Found: C, 51.2; H, 5.7; N, 7.9. 
C 15 H 19 IN 2 re qui res C , 5 0 . 9 ; H , 5 . 4 ; N , 7 . 9 % ) . 
N-Methyl-4-quinolone: 4-Hydroxyquinoline, methyl iodide,and 
methanol saturated with sodium hydroxide were refluxed for 3 h on a 
steam bath. The mixture was evaporated to dryness, extracted with chloro-
form and the product recrystallised from benzene to give Ji-methyl-4-
quinolone, m.p. 150-152° (Spath and Kolbe, 1922, give 150-152°). 
5-Chloroquinoline Methiodide : 5-Aminoquinoline was diazotized 
with sodium nitrite ,n concentrated hydrochloric acid according to 
Bradford, et al. (1947). The diazonium salt was then decomposed 
in the presence of cuprous chloride and hydrochloric acid to give 5-
chloroquinoline. Methylation with methyl iodide in methanol proceeded 
at room temperature and gave after 3 days the methiodide , m.p. 194° 
[La Coste and Bodewig, 1884, give 231-232° (decamp.)] (from ethanol) 
(Found: C, 39.2; H, 3.0; N, 4.2. Cale. for c10H9ClIN: C, 39.3; H, 3.0; 
l 
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N, 4.6%). 
5-Methoxyguinoline Methiodide Periodide: 5-Hydroxyquinoline 
(0.5g), methyl iodide (5.0 ml), and a saturated solution of potassium 
hydroxide in methanol (20 ml) were heated at 110° for 21 h. The mixture 
was concentrated and on cooling gave black crystals of the periodide 
(0.5g), m.p. 125° (Found, for material dried at 20° and 0.2 mmHg: 
C, 23.7; H, 2.15; N, 2.2. c11H12 I3NO requires C, 23.8; H, 2.2; N, 2.5%). 
These crystals were treated with aqueous sodium thiosulphate. The colour-
less solution was evaporated to dryness and the residue recrystallised 
from methanol to give a yellow solid (O.lg), m.p. 179-182° (the 1 Hn.m.r. 
in D20 was similar to that of 8-methoxyquinoline methiodide and it had a 
u.v. spectrum in water similar to that for the cation of 5-hydroxyquinoline). 
6-Chloroquinoline Methi odide: 6-Chloroquinoline (l.Og), acetone 
(10.0 ml), and methyl iodide (2.0 ml) were allowed to stand at room 
temperature for 3 days. Orange crystals had separated and were recrystall-
ised from ethanol to give 6-chloroguinoline meth iodide (1.2g), m.p. 
251-252 ° (decamp .) (Found: C, 39.2; H, 3.2; N, 4.15. c10H9ClI N 
requires C, 39.3; H, 3.0; N, 4.6%). 
8-Chloroqu inoline Me thiodide and Methotetrafluoroborate: This 
compound was made from 8-chloroquinoline by a method similar to t hat 
described by Claus and Scholler (1893). Methylation with methyl iodide 
in nitromethane at 110° for 2 h afforded a low yield of the methiodide 
(after treatment with thios ulphate to remove iodine) which was recrystall -
ised from ethanol and had m.p. 165° (decamp.) (lit., 165°). The 
tetrafluoroborate salt prepared with methano lic silver tetrafluo roborate 
and recrystallised from methanol had m.p. 182-183° (Found: C, 44.9; 
H, 3.4; N, 5.2. c10H9BC1F4N requires C, 45.2; H, 3.4; N, 5.3%). 
8-Methoxyquinoline Methiodide and Methotetrafluoroborate : This 
compound vJas prepared by the method of Foye and Marshall ( 1964). Thus 
8-hydroxyquinoline was Q_-methylated by refluxing its sodium salt with 
methyl iodide in ethanol for 6 h. J_- ethy lation with methyl iodide 1n 
acetone at 100° for 1.5 h gave the methiodide, m.p. 167-169° (from 
ethanol) (lit., 166°) (Found: C, 43.9; H, 4.2; N, 3.5. Cale. for 
c11H12 INO: C, 43.9; H, 4.0; N, 4.65%). 
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Methanolic solutions of the methiodide and silver tetrafluoro-
borate were mixed, the silver iodide filtered off, and the filtrate 
evaporated to dryness. The residue was recrystallised from methanol to 
give the methotetrafluoroborate, m.p. 141-144° (Found: C, 50.6; 
H, 4.7; N, 5.0. c11H12BF4NO requires C, 50.6; H, 4.6; N, 5.4%). 
8-Methylthioguinoline: 8-Mercaptoquinoline hydrochloride was 
shaken with methyl iodide in M-sodium hydroxide for 1.5 h following the 
procedure of Albert and Barlin (1959) and gave 8-methylthioquinoline, 
m.p. 81-83° (lit., 85°). 
N-Methyl-2-pyri midone : 2-Methylthiopyrimidine methiodide (0.05g), 
water (20 ml), and O.lM-sodium hydroxide (10 ml) gave after several 
minutes at room temperature a mixture having the u.v. spectrum of -
methyl-2-pyrimi done (Brmvn, et tl-, 1955) when measured at 
pH 0, 4, 7, and 13. The reaction mixture was extracted several ti mes 
with chloroform, the solvent evaporated and the residue was recrystallised 
from benzene to give !i_-methyl-2-pyrimidone (0.004g), m.p. 129-130° unde-
pressed on admixture with an authentic specimen (lit., 127-128°) (Found: 
C, 54.85; H, 5.4; N, 25.0. Cale. for C5H6N20: C, 54.5; H, 5.5; N, 25.4%). 
A similar preparation with SM-sodium hydroxide (0.3 ml) and water 
(1.0 ml) gave, after 20 min at room temperature, !i_-methyl-2-pyrimidone 
(0.0llg), m.p. 128-129° undepressed on admixture with an authentic 
specimen (Found: C, 54.3; H, 5.4; N, 25.2%). 
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Reaction of 3-Methylsulphonylpyridine Methiodide with Hydroxide 
Ions: A solution of 3-methylsulphonylpyridine methiodide (u.v. pH 7.0 
Amax 263 nm) in 0.05M-sodium hydroxide was allowed to stand at 52° for 
2 h. The solution (Amax ~- 249 and 366 nm) was extracted with 
chloroform and the oil subjected to t.l.c. (silica-80% ethanol) and 
the product recrystallised from ethanol (Found: C, 45.4; H, 5.1; 
N, 7.3; S, 17.0. C7H9NS03 requires C, 44.9; H, 4.8; N, 7.5, S, 17.1%). 
The 1 Hn.m.r. spectrum was consistent with the structure l,4-dihydro-1-
methyl-3-methylsulphonyl-4(1H)pyridone or its 6-(lH)-pyridone isomer 
o [CDC1 3] 8.3d (lH), 7.75q (lH), 6.65d (lH), 3.65 (Me), 3.1 (MeS02), 
J t -2.4 and J th 9.6 Hz; [(CD3)2S0] 8.5d (lH), 7.8q (lH), 6.5d (lH), me a or o 
3.5 (Me), 3.15 (MeS02), Js as above. 
Reaction of 4-Methylthiopyrimidine Methiodide with Ethanol: 
A solution of 4-methylthiopyrimidine methiodide in ethanol (1000 ml ; 
-4 -1) 0.5 x 10 mole 1 at room temperature for 1 day gave an evaporation 
and then recrystallisation of the residue from ethanol-ether, a 
product (0.0llg), m.p. 108.5-109.5°, which analysed for an ethoxy-
pyrimidine methiodide (Found: C, 31.85; H, 4.5; N, 10.4. Cale. for 
C7H12 IN20: C, 31.6; H, 4.2; N, 10.5%). 
Sodium Hydroxide Solutions: These were prepared by diluting 
sodium hydroxide concentrate ampoules ('tritsol ', E. Merck, Dannstadt) 
with carbon dioxide free glass-distilled water. Concentrations were 
checked by titration against standard acid (methyl orange). 
N-Hydrochloric Acid: This was prepared from hydrochloric 
acid concentrate ampoules ( 1 Volucon 1 standard volumetric solution, 
May and Baker Ltd., Dagenham). 
Piperidine: Commercial piperidine (Puriss; Fluka) stored over 
potassium hydroxide pellets for 8 weeks was distilled at atmospheric 
pressure in a nitrogen atmosphere. The fraction, b.p. 101.9-202.1° 
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at 714 mmHg (Perrin, Armarego, and Perrin, 1966, give b.p. 106° at 
760nm) was used in the kinetic studies. It contained a small quantity 
of pyridine (ca. 0.1%) impurity as revealed by u.v. spectroscopy. 
Other Compounds: Samples of the following compounds (not 
commercially available) were kindly supplied by Miss Valerie Richardson: 
3-nitropyridine (Barlin, 1972); 2-dimethylamino-, 4-iodo-, and 
4-methoxy-pyridine methiodides (Barlin and Benbow, in press); 2- and 
4-iodoquinolines (Ogata, Hishiki, and Banno, 1947; Backeberg, 1933; 
respectively); 1-iodoisoquinoline (Gabriel and Colman, 1900); 1-iodo-
and 1-methylthio-isoquinoline methiod ides (Gabriel and Colman, 1900; 
Barlin and Benbow, in press; respectively); l,2-dihydro-1,3-di methyl-
* * pyri midine methiodide m.p. 246-247°, 2-methylthiopyrimidine meth iodide 
* 
m.p. 155-156° , 4-methylthiopyrimidine methiodide m.p. 130-133 ° ; 
!i_-methyl-2(and -4)-pyri midones (Brown,~ tl-, 1955); 3-methylthio -
and 3-chloro-pyridazine methiodides (Duffin and Kendall, 1959; Barlin 
* 
and Young, 1971d; respectively); and 2-me thylthiopyrazine methiodide 
m.p. 162-163°. 
* Each of these compounds analysed correctly. 
Kinetic Procedure: Rate measurements were performed using one 
of the procedures described below: 
1. The standard method was used for temperatures less than 65° 
and half-lives greater than 20 min. A weighed quantity of 
solution or substrate was added (t) to a known volume of 
0 
aqueous sodium hydroxide in a glass vessel in a water 
thermostatic bath controlled to± 0.1°. Aliquots (1.0 to 
10.0 ml) were withdrawn, quenched in pH7 phosphate buffer 
(Perrin, 1963) or diluted with sulphuric acid (ultimately 
5M) at time t and diluted with glass-distilled water to 
standard volumes. The u.v. absorption of these solutions 
was then measured as soon as practicable. 
2. A sealed tube method was used at temperatures greater than 
65° and half-lives greater than 20 min. Pyrex glass reaction 
vessels containing the chilled reaction mixture (1.0-5.0 
ml) were sealed and then immersed (t
0
) in a thermostated 
bath (glycerine for 60-100° ± 0.2°, and Shell "Tellus oil'' 
for 110-170° ± 0.3°). Sample tubes were withdrawn and 
immersed immediately in an ice-water bath (t), opened and 
then treated as above. The calculated results were mostly 
improved when the starting point of the reaction was 
adjusted to the point of withdrawal of the first sample 
3. The stopped-flow rapid reaction technique (Perrin, 1965) was 
employed for fast reactions (t1 < ca. 3 min) at temperatures ~ 
less than 60°. Two types of apparatus (one Perspex, one 
146 
11 
Teflon) with the reaction cell in a thermostated compartment 
were used in conjunction with a Shimadzu RS 27 . u.v. instrume nt. 
The perspex apparatus was used for all reactions in water and 
the teflon apparatus for all reactions in ethanol. For 
reactions of t 1 < 3 min the reaction temperature was taken as ~ 
that of the thennostated bath. For reactions oft~> 20 min 
2 
the reaction temperature was taken as the equilibrium cell 
temperature as described below. 
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The equilibrium cell temperature varied somewhat from the 
bath temperature as a result of heat generated in the operation · 
of the Shimadzu spectrophotometer and was determined using a 
thermocouple (after a two hour equilibration period) over the 
range 0-50°. A plot of bath temperature versus cell temperature 
is shown in figure 7.1. 
The kinetics of the reactions were studied spectrophotomet rically, 
following either the appearance or disappearance of an absorption peak in 
the product or the reactant respectively, and at a wavelength for maximum 
difference in absorption between the starting material and product of 
the displacement reaction . Each reaction was checked for conversion to 
the displaceme nt product (as the only product) and for extent of that con-
version (from t measurements , where t > 15t1 ). For every rate measure-
oo 00 ~ 
ment, the absorbance was measured at a fixed \/avelength , and the reaction 
was studied for 10-85% conversion (usually) with at least 7 determinations 
evenly spread through this range. 
The rate coefficients (k) were calculated, for the second order 
FIGURE 7.1 
Plot of cell temperature against bath temperature for operation of the 
Shimadzu RS 27 spectrophotometer . 
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rate expressions (see below) written into a focal 8 programme (figure 
7.2), by a P.D.P. S/I computer running 7 focal user. The concentrations 
were corrected for solvent expansion where necessary (Lange, 1956: 
Timmermans , 1950). \~hen one mo le of hydroxide ion was consumed per 
mole of substrate reacted,the standard second order rate expression 
was used: 
k = 2.303 
t(a - b) 
log b(a - x) 
a(b - x) 
where a was the initial concentration of hydroxide ion, b that of the 
substrate, x the concentration of substrate consumed at time t and k is 
the second-order rate coefficient. However, when two moles of hydroxide 
10n were consumed per mole of substrate reacted, the above expression was 
modified by inserting for (a - b) and (a - x), the terms (a - 2b) and 
(a - 2x) respectively. The standard second order rate expression was 
used for the methoxy compounds only, although in some instances the 
methylthio compounds gave slightly improved rate coefficients for the 
standard expression, otherwise the modified equation was used. 
For most of the compounds studied, rate coefficients were determined 
for reaction mixtures having the concentrations of both reactants halved 
and the ratio t 1 /t; in each case was calculated. ~ ~ 
For each compound, rate coefficients were determined for at least 
three temperatures covering approximately a 20° range. A plot of log k 
against 1/T (°K- 1) gave invariably a straight line, whose slope and 
log k intercept (at 0°K), afforded the activation energy (E) and 
frequency factor (log A) according to the expression: 
Ii 
II 
FIGURE 7.2 
Focal 8 programme for equation 3.1, and symbol meanings: 
01.05 E 
01.06 S SS=O.O;S L=O.O;S Q=O.O 
01.10 A ?A,B?, "DIN IT" ,DI, 11 DINF 11 ,ON, "NO OF PTS" ,EN,!! 
01. 40 T II T ABS K %REACT" ,! 
01.50 A TM,TS;S T=TM*60+TS;T ,%8.01,T;A , 11 ",DX 
01.60 S Q=Q+l;S M=Q-EN;S Y=(DX-DI)/(DN-DI);S X=B*Y 
01.70 S G=l/((A-2*B)*T);S Z=B*(A-2*X)/(A*(B-X)) 
01.80 S K=G*FLOG(Z);S L=L+K/EN;S KS(Q)=K 
02.10 T %, 11 11 ,K, %4 . 02, 11 ",%3.01,lOO*Y,! 
02.20 I (M)l.5,3.1 
03 .10 T ! ! , 11 AV. VALUE OF K 11 , % ,L, ! 
03.30 F I=l,EN;S SS=SS+KS(I)t2 
03.40 S SD=FSQT((SS-EN*Lt2)/(EN-l)) 
03.50 T %,"STD. DEVN. 11 ,SD,!, 11 
03.54 S V=(2*A-B)/A 
03.55 S T=(l/((A-2*B)*L))*FLOG(V) 
( 
11
,%4.02,SD*lOO/L, 11 % )" 
03.60 T ! ,"TIME FOR 50% REACTN 11 ,%8.04,T, ! ! ! 
03.70 Q 
A, hydroxide ion concentration (at t
0
); 
B, substrate concentration (at t 0 ); 
DINIT, ultraviolet absorbance at t
0 
(and fixed wavelength); 
DINF, ultraviolet absorbance at t (and fixed wavelength); 
co 
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NO OF PTS, number of readings taken during the course of the reaction ; 
T, reaction time in seconds; 
Abs, absorbance at time t; 
K, rate coefficient (1 mol-l s-1); 
% React, extent reaction at time (t). 
I 
11 
E log A = log k + 2.303 RT 
t + The transition state parameters (~H and ~S) were calculated from the 
expressions (Exner, 1973): 
E - RT 
and 2.303R (log A - log T) - 49.2 
where Twas the mid-temperature for the rate determinations. The rate 
coefficient at 20.0 ° was calculated from either of the expressions: 
1 og k20 o = 1 og A - E 2.303 RT 20 o 
where R (the universal gas constant)= 1.987 cal deg -l mole- 1. 
The expression for calculating the ratio t 1 /t1 ' was: ~ ~ 
- -
-
-
-..... 
where, t 1 and t 1 1 ~vere half-lives for the half and full concentration ~ ~ 
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runs respectively; band a refer to substrate and hydroxide ion concen-
trations respectively; and subscripts 1 and 2 refer to the full and half 
concentration runs respectively. 
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